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The  Biological  Services  Program  was  established  within  the  U.S.  Fish 
and  Wildlife  Service  to  supply  scientific  information  and  methodologies  on 
key  environmental  issues  that  impact  fish  and  wildlife  resources  and  their 
supporting  ecosystems.  The  mission  of  the  program  is  as  follows: 

•  To  strengthen  the  Fish  and  VJildlife  Service  in  its  role  as 
a  primary  source  of  information  on  national  fish  and  wild- 
life resources,  particularly  in  respect  to  environmental 
impact  assessment. 

•  To  gather,  analyze,  and  present  Information  that  will  aid 
decisionmakers  in  the  identification  and  resolution  of 
problems  associated  with  major  changes  in  land  and  water 
use. 

•  To  provide  better  ecological  information  and  evaluation 
for  Department  of  the  Interior  development  programs,  such 
as  those  relating  to  energy  development. 

Information  developed  by  the  Biological  Services  Program  is  intended 
for  use  in  the  planning  and  decisionmaking  process  to  prevent  or  minimize 
the  impact  of  development  on  fish  and  wildlife.  Research  activities  and 
technical  assistance  services  are  based  on  an  analysis  of  the  issues  a 
determination  of  the  decisionmakers  Involved  and  their  information  needs, 
and  an  evaluation  of  the  state  of  the  art  to  identify  information  gaps 
and  to  determine  priorities.  This  is  a  strategy  that  will  ensure  that 
the  products  produced  and  disseminated  are  timely  and  useful. 

Projects  have  been  initiated  in  the  following  areas:  coal  extraction 
and  conversion;  power  plants;  geothermal ,  mineral  and  oil  shale  develop- 
ment; water  resource  analysis,  including  stream  alterations  and  western 
water  allocation;  coastal  ecosystems  and  Outer  Continental  Shelf  develop- 
ment; and  systems  Inventory,  including  National  Wetland  Inventory, 
habitat  classification  and  analysis,  and  information  transfer. 

The  Biological  Services  Program  consists  of  the  Office  of  Biological 
Services  in  Washington,  D.C.,  which  is  responsible  for  overall  planning  and 
management;  National  Teams,  which  provide  the  Program's  central  scientific 
and  technical  expertise  and  arrange  for  contracting  biological  services 
studies  with  states,  universities,  consulting  firms,  and  others;  Regional 
Staff,  who  provide  a  link  to  problems  at  the  operating  level;  and  staff  at 
certain  Fish  and  Wildlife  Service  research  facilities,  who  conduct  inhouse 
research  studies. 
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PREFACE 

"Impacts  of  Navigational  Dredging  on  Fish  and  Wildlife-  A  Literature 
Review"  was  written  primarily  for  fish  and  wildlife  biologists  who  review 
applications  for  dredging  permits.  The  state  of  the  art  of  impacts  of 
navigational  dredging  is  discussed  and  the  reader  is  directed  to  appropriate 
sources  for  further  study.  Any  questions,  or  requests  for  this  publication 
should  be  addressed  to: 

Fish  and  Wildlife  Service  Coordinator 

U.S.  Army  Engineer  Waterways  Experiment  Station 

Post  Office  Box  631 

Vicksburg,  Mississippi  39180 

Telephone:   (601)  634-3771;  FTS  542-3771 

or 

Information  Transfer  Specialist 

National   Coastal   Ecosystems  Team 

U.S.   Fish  and  Wildlife  Service 

NASA/SI idell   Computer  Complex 

1010  Cause  Boulevard 

SI idell,  Louisiana     70458 

Telephone:      (504)   255-6511;   FTS  685-6511 


The  correct  citation  for  tli.^  report  is: 

Allen,  K.  0.  and  J.  W.  Hardy.  1980.  Impacts  of  navigational  dredging 
on  fish  and  wildlife:  a  literature  review.  U.S.  Fish  and  Wildlife 
Service,  Biological   Services  Program.     FWS/OBS-80/07.       81  pp. 
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ABSTRACT 

Literature  about  the  impacts  of  navigational  dredging  on  fish,  other 
aquatic  biota,  and  wildlife  is  reviewed.  Also  included  are  types  of  dredg- 
ing equipment,  characteristics  of  dredged  material,  evaluation  of  dredged 
material  pollution  potential,  and  habitat  development  and  enhancement 
opportunities  arising  from  dredged  material  disposal.  The  review  contains  a 
brief  discussion  of  the  state  of  knowledge  and  refers  the  reader  to  pertinent 
literature  for  additional  information.  The  discussions  about  impacts  and 
habitat  development  are  divided  into  "Coastal  Waters"  (including  disposal  in 
estuarine,  continental  shelf,  and  deep  ocean  waters)  and  "Rivers."  A  limited 
discussion  of  the  "Great  Lakes"  is  included  as  an  Appendix. 
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INTRODUCTION 

BACKGROUND 

Assessing  the  impacts  of  navigational  dredging  and  the  disposal  of 
dredged  material  is  a  controversial  exercise;  the  viewpoints  and  approaches 
are  endless.  Without  question,  dredging  can  devastate  fish  and  wildlife 
resources;  however,  in  the  absence  of  definitive  information,  impacts  are 
sometimes  more  imagined  than  real.  The  attempt  of  this  review  is  to  bring 
some  order  to  the  situation  by  summarizing  the  pre-1973  literature  and  the 
results  of  new  research  since  1973.  The  chief  source  of  the  new  information 
is  the  Dredged  Material  Research  Program  (DMRP),  a  5-yr  Army  Corps  of  Engi- 
neers program  that  began  in  1973.  This  program  was  administered  by  the  U.S. 
Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  Mississippi.  In 
addition  to  the  DMRP,  other  recent  significant  studies  have  been  included  in 
this  review.  A  partial  list  includes: 

a.  Report,  International  Working  Group  on  the  Abatement  and  Control  of 
Pollution  from  Dredging  Activities.  1975. 

b.  Impacts  of  Construction  Activies  in  Wetlands  of  the  U.S.   United 
States  Environmental  Protection  Agency.  1976. 

c.  Dredging  and  Its  Environmental  Impacts.   American  Society  of  Civl 
Engineers.  1976. 

d.  Dredging  in  Estuaries,  a  Guide  for  Review  of  Environmental  Impact 
Statements.  Oregon  State  University.  1977. 

e.  San  Francisco  Bay  and  Estuary  Dredging  Disposal  Study,  Corps  of 
Engineers,  San  Francisco  District.  1974  through  1979. 

Boyd  et  al .  (1972)  summarized  the  state  of  knowledge  and  unanswered  ques- 
tions just  before  the  beginning  of  the  DMRP  in  1973.  In  addition,  one  of  the 
better  compilations  of  the  older  literature  was  a  thesis  by  James  W.  Morton 
which  was  later  published  (Morton  1977)  by  the  United  States  Fish  and  Wildlife 
Service  (FWS).  This  report  includes  most  of  the  literature  through  1974  and  a 
portion  of  the  1975  literature,  providing  good  coverage  of  dredging  impacts  in 
marine  waters,  but  containing  little  information  on  impacts  to  freshwaters. 

In  our  review  we  compared  the  recent  (1973  to  1979)  literature  with  the 
older  literature  and,  if  sufficient  information  was  available,  we  attempted  to 
form  a  consensus  about  dredging  and  disposal  impacts  on  the  basis  of  the 
available  information  from  both  periods.  Unless  the  authors  listed  in  the 
Literature  Cited  sections  are  cited  or  are  directly  quoted  in  the  text  of  this 
document,  the  opinions  expressed  are  our  own.  This  literature  review  is  not 
meant  to  reflect  FWS  policy. 

CONTENTS 

A  brief  sketch  is  provided  about  dredging  equipment  currently  used  in  the 
United  States  or  potentially  available  for  use  (Part  I).  The  type  of  equipment 
used  determines,  to  a  great  extent,  the  viable  disposal  alternatives,  the  type 
and  magnitude  of  potential  impacts,  and  the  potential  for  habitat  development. 
A  brief  discussion  of  characteristics  of  dredged  material  is  provided  in  Part 
II.  Characteristics  of  the  material  to  be  dredged  strongly  influences  the 
available  disposal  alternatives  and  pollution  potential. 


The  main  body  of  this  document  is  a  discussion  of  dredging  impacts  and 
habitat  enhancement  opportunities.  A  brief  assessment  of  each  potential  impact 
or  each  habitat  enhancement  opportunity  is  made  and  the  reader  is  referred  to 
the  pertinent  literature  for  further  study.  The  discussion  is  divided  into 
two  major  categories  of  U.S.  Waters:  "coastal  waters"  (Part  III)  includes  all 
marine  waters  of  the  United  States  and  its  territories;  "rivers"  (Part  IV) 
includes  the  navigable  streams  of  the  United  States  above  saltwater  influence. 
Our  original  intent  was  to  include  a  third  major  section  about  the  Great 
Lakes.  However,  due  to  a  dearth  of  information  and  a  lack  of  opportunity  to 
review  the  available  Great  Lakes  literature,  we  believe  that  such  a  section 
would  convey  a  false  impression  of  completeness.  Thus,  the  small  amount  of 
information  assembled  about  the  Great  Lakes  was  included  as  an  appendix.  In 
our  opinion  more  work  will  have  to  be  done  before  a  comprehensive  synopsis  can 
be  written  about  the  impacts  of  dredging  in  the  Great  Lakes. 

This  review  covers  impacts  to  fish,  other  aquatic  organisms,  and  wildlife 
(as  well  as  habitat  enhancement  opportunities)  resulting  from  construction  of 
new  navigational  channels  and  maintenance  dredging  of  existing  channels.  Both 
dredging  and  disposal  stages  are  discussed.  This  review  does  not  cover  other 
types  of  dredging  such  as  canal  construction  for  oil  and  gas  exploration  and 
extraction,  dredging  for  residential  or  commerical  development,  sand  and 
gravel  dredging,  shell  dredging,  or  channelization  of  streams  for  flood  con- 
trol. 


LITERATURE  CITED 
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sippi.  Tech.  Rep.  H-72-8. 

Torton,  J.W.  1P77.  Ecological  effects  of  dredging  and  dredge  spoil  disposal: 
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Figure  1.  Common  types  of  dredges. 


PART  I 

DREDGING  EQUIPMENT 

About  99%  of  the  dredging  volume  in  the  United  States  is  accomplished  by 
hydraulic  dredges  (Pequegnat  et  al .  1978).  Hydraulic  dredges  mix  sediments 
with  water  to  form  a  slurry  which  is  pumped  to  the  discharge  point.  Mechanical 
dredges  such  as  the  bucket  or  dipper  dredge  (Figure  1)  are  seldom  used  in  pro- 
jects involving  large  volumes  of  material  but  are  valuable  for  working  in 
small  areas  such  as  near  docks  or  boat  slips  and  for  the  cleanup  of  spills  and 
contaminants.  Mechanical  dredges  are  usually  mounted  on  barges  and  move  mate- 
rial mechanically  with  some  type  of  bucket.  The  dredged  material  is  usually 
transported  by  barges.  Less  water  is  incorporated  into  the  material  than 
occurs  with  hydraulic  dredging.  Most  of  the  information  in  this  section  is 
derived  from  Pequegnat  et  al .  (1978).  Other  general  discussions  are  found  in 
Boyd  et  al .  (1972)  and  Gren  (1975,  1976).  Common  types  of  dredges  are  illus- 
trated in  Figure  1.  Certain  new  types,  such  as  pneumatic  dredges,  are  not 
discussed  in  our  review  because  of  the  lack  of  documentation  at  the  time  of 
writing, 

HYDRAULIC  DREDGES 

Pipe! ine  Dredges 

Pipeline  dredges  are  usually  cutterhead-equipped  and  work  by  hydraulic 
suction.  They  remove  both  consolidated  and  unconsolidated  material  and  pump 
it  through  a  pontoon-supported  pipeline  for  discharge  at  a  disposal  site. 
Discharge  is  a  continuous  operation  as  long  as  the  dredging  unit  is  operating. 
Disposal  is  usually  nearby,  but  the  distance  can  be  increased  up  to  several 
kilometers  by  the  use  of  booster  pumps.  Disposal  can  be  on  land  or  in  open 
water.  The  use  of  a  pipeline  dredge  is  limited  to  relatively  protected  waters 
because  of  problems  with  unstable  pipeline  units. 

Pipeline  dredges  make  up  the  bulk  of  the  equipment  of  the  private  dredg- 
ing industry  and  are  the  type  of  dredge  most  commonly  used  in  the  United 
States.  Variations  of  pipeline  dredges  include  suction  dredges  (without  a 
cutterhead)  for  use  in  soft  material  and  the  dustpan  dredge  which  is  used  ex- 
tensively on  the  Mississippi  River.  The  dust  pan  dredge  has  a  wide  (up  to  14m 
or  45  ft)  suction  inlet  and  is  especially  efficient  in  removing  sandbars.  Dis- 
charge is  into  the  water  adjacent  to  the  dredge  (Gren  1976). 

Hopper  Dredges 

The  hopper  dredge  is  a  self-propelled  vessel,  equipped  with  a  hydraulic 
suction  dredge  system  and  with  hopper  bins  to  contain  and  carry  the  dredged 
material  to  a  place  of  disposal.  Most  of  the  hopper  dredges  are  owned  and 
operated  by  the  Corps  of  Engineers  and  work  in  coastal  waters  and  in  the  Great 
Lakes;  however,  private  industry  is  rapidly  developing  such  a  capability.  Hop- 
per dredges  are  used  chiefly  for  maintenance  dredging  and  usually  transport 
sediments  to  open  water  where  they  are  dumped  through  bottom  doors  on  the 
hoppers.  The  hopper  dredge  has  the  advantage  of  being  highly  mobile,  less 
disruptive  to  vessel  traffic,  and  can  operate  in  waters  too  rough  for  a 
pi  pel  ine  dredge. 


Sidecaster  Dredges 

Sidecaster  dredges  employ  a  hydraulic  system  similar  to  hopper  dredges. 
However,  instead  of  temporarily  storing  the  dredged  material  in  bins,  it  is 
shunted  to  one  side  of  the  vessel  by  use  of  a  side  arm  or  short  pipeline.  In 
some  instances,  it  may  be  pumped  ashore  for  beach  nourishment  or  confined  dis- 
posal (Gren  1976). 

MECHANICAL  DREDGES 

Bucket  Dredges 

There  are  several  kinds  of  bucket  dredges  including  clamshell,  dragline, 
and  orange  peel.  In  their  simplest  form,  they  consist  of  a  drop  bucket  attach- 
ed by  cables  to  a  winch-equipped  boom  and  lifting  system  generally  mounted  on 
a  barge  (Pequegnat  et  al .  1978).  They  are  used  in  both  maintenance  dredging 
and  new  channel  construction. 

Ladder  Dredges 

A  special  type  of  bucket  dredge  is  the  bucket  ladder  dredge  or  simply  the 
ladder  dredge.  A  continuous  chain  of  buckets  removes  sediments  from  the  bottom 
and  places  the  sediments  aboard  a  barge  for  transport  to  the  disposal  area. 

The  ladder  dredge  is  used  in  the  United  States  only  for  mining  opera- 
tions, however,  it  is  a  common  component  of  European  dredging  fleets  and  is 
being  advocated  for  use  in  the  United  States  (Mohr  1976).  Mohr  states  that 
the  ladder  dredge  has  the  advantages  over  hydraulic  dredges  of  using  less 
energy  and  creating  less  turbidity. 

Dipper  Dredges 

The  dipper  dredge  consists  of  a  power  shovel  mounted  on  a  barge  and  is 
particularly  useful  for  excavating  hard  bottom  material  in  water  depths  less 
than  10  m  (33  ft). 
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PART  II 

CHARACTERISTICS  OF  DREDGED  MATERIAL 

The  composition  of  dredged  material  from  a  particular  site  affects  its 
pollution  potential  as  well  as  the  potential  for  habitat  development  or  other 
beneficial  uses.  Dredged  material  can  be  classified  by  grain  size  and  may 
range  from  clay  to  sand  (or  even  rocks).  The  finer  grain  sizes  have  a  greater 
ability  to  adsorb  and  retain  contaminants.  The  grain  size  also  partially  de- 
termines the  suitability  of  dredge  material  for  construction  or  fill  material 
and  for  habitat  development.  According  to  Boyd  et  al .  (1972),  most  dredged 
material  is  classified  as  mixed  sand  and  silt.  Some  basic  differences  between 
the  material  derived  from  the  construction  of  new  channels  and  material  deriv- 
ed from  maintenance  dredging  are  discussed  in  the  following  paragraphs. 

MATERIAL  FROM  NEW  CHANNEL  DREDGING 

Physical  Characteristics 

Sediments  dredged  from  new  channels  consist  of  material  that  was  deposit- 
ed by  natural  processes,  often  before  the  appearance  of  modern  man.  The  sedi- 
ments may  be  clay,  silt,  sand,  or  rock  and  often  layers  of  more  than  one  type 
may  be  encountered.  The  presence  or  absence  of  organic  matter  is  determined 
by  the  mode  of  sediment  deposition. 

Dredged  material  from  new  channels  or  "new  work"  projects  often  has  chem- 
ical and  engineering  properties  which  create  fewer  environmental  problems  than 
material  from  maintenance  projects  (Boyd  et  al .  1972). 

Contaminants 

Except  for  the  top  layer  of  sediments,  contaminants  are  normally  not  pre- 
sent in  material  removed  from  new  channels.  However,  natural  levels  of  heavy 
metals  will  be  present  and,  in  some  instances,  the  effluent  from  these  mate- 
rials could  exceed  water  quality  criteria  (Gustafson  1975). 

Nutrients 

Nutrient  levels  in  material  from  new  channels  vary  widely  depending  on 
the  origin  and  nature  of  sediments. 

Potential  for  Productive  Uses 

The  value  of  dredged  material  for  productive  uses  varies  because  of 
variations  in  composition,  particularly  grain  size,  of  the  material.  A  lack 
of  organics  is  an  asset  in  construction  and  fill  uses,  but  is  disadvantageous 
(but  not  critical)  in  marsh  or  other  types  of  habitat  development.  The  absence 
or  low  level  of  contaminants  in  material  from  new  channels  is  also  a  definite 
advantage;  presence  of  contaminants  can  rule  out  many  beneficial  uses. 

MATERIAL  FROM  MAINTENANCE  DREDGING 

Material  removed  during  maintenance  dredging  of  navigation  channels  is 
an  accumulation  of  detached  soil  particles  which  have  been  transported  by  wind 


and  water.  It  is  a  soil  resource  with  potential  beneficial  use.  However, 
material  from  maintenance  dredging  may  contain  a  variety  of  contaminants  con- 
tributed by  man's  activities  (SCS  Engineers  1977). 

Physical  Characteristics 

Maintenance  material  can  vary  widely  in  content  but  organics  are  usually 
under  5%  (Table  1).  Most  material  contains  a  mixture  of  sand,  silt,  and  clay 
(Table  2).  Potential  beneficial  uses  of  sediments  from  maintenance  dredging 
will  thus  be  site  dependent--depending  on  the  use  in  question  and  the  proper- 
ties of  the  candidate  material.  For  thorough  discussions  of  the  engineering 
properties  of  dredged  material,  the  reader  is  referred  to  Murdock  and  Zrman 
(1975),  Bartos  (1977),  and  Brown  and  Thompson  (1977). 

Contaminants 

The  amount  of  contaminants,  such  as  petroleum  hydrocarbons,  pesticides, 
PCBs,  and  heavy  metals,  vary  widely  in  material  from  maintenance  dredging 
(Table  1).  In  general,  industrial  harbors  are  highly  polluted,  whereas, 
interconnecting  waterways  may  be  relatively  unpolluted. 

Nutrients 

Fine-grained  maintenance  material  usually  contains  the  essential  elements 
needed  by  plant  life.  In  contrast,  material  containing  a  high  sand  content 
may  be  low  in  nutrients  because  of  low  sorbtion  affinity. 

Evaluation  of  Dredged  Material  Pollution  Potential 

Man's  ability  to  evaluate  the  pollution  potential  of  dredged  material  has 
improved  in  recent  years,  but  is  still  an  inexact  science.  The  availability 
of  contaminants  to  the  biota,  the  actual  uptake,  and  the  impact  if  uptake  oc- 
curs are  difficult  to  predict.  It  is  particularly  difficult  to  develop  tests 
that  will  predict  subtle  long-term  impacts. 

Two  predictive  techi  ,^es  __  bulk  sediment  analysis  and  standard  acute 
toxicity  bioassays  --  were  widely  used  in  the  past,  but  have  now  been  largely 
discredited  as  sole  factors  for  determining  pollution  potential.  Bulk  sedi- 
ment analysis  measures  the  gross  levels  of  various  contaminants  in  dredged 
material;  however,  the  presence  of  contaminants  may  bear  little  relationship 
to  the  subsequent  chemical  reaction,  release,  and  availability  to  aquatic 
organisms  after  disposal.  Bulk  sediment  analysis,  however,  may  be  useful  in 
determining  potential  pollutants  that  could  have  long-term  significance  be- 
cause of  their  presence  in  the  bottom  sediments.  Likewise,  standard  bioassays 
that  measure  acute  toxicity  and  utilize  mortality  as  the  end  point  give  little 
insight  into  long-term  effects  of  pollutants  on  growth,  reproduction,  molting, 
mutations,  and  other  biological  functions.  The  standard  acute  toxicity  bio- 
assay  is  limited  to  predicting  short-term  impacts. 

An  evaluation  of  pollution  potential  of  dredged  material  has  been  summar- 
ized by  Brannon  (1978).  He  recommends  the  use  of  the  Elutriate  Test  to  predict 
the  short-  and  long-term  chemical  impacts  on  the  water  column.  These  results 
should  then  be  interpreted  in  light  of  the  dispersion  and  dilution  that  will 

10 


Table  1.  Ranges  in  concentrations  of  chemical  constituents  of  dredged 
materials  (Chen  et  al .  1976), 


Constituent 


Chemical  Oxygen  Demand,  COD 

Total  Organic  Carbon,  TOC 

pH 

Total  sulfides  (acid  soluble) 

Oil  and  grease 

Organic  nitrogen 

Ammonia 

Total  nitrogen 

Total  phosphorus 

Calcium 

Chloride 

Magnesium 

Potassium 

Sodi  um 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Zinc 

Chlorinated  pesticides 

Polychlorinated  Biphenyls,  PCB 


Range  e 

xpected 

in  concentration 

mg/kg 

1.0 

-  13% 

0.5 

-  5% 

6 

-  9 

100 

-  3,000 

100 

-  5,000 

100 

-  2,000 

100 

-  2,000 

200 

-  4,000 

500 

-  2,000 

600 

-  17,000 

40 

-  20,000 

4,000 

-  13,000 

17,000 

-  24,000 

12,000 

-  40,000 

0.05 

-  70 

1 

-  200 

0.05 

-  600 

1,000 

-  50,000 

1 

-  400 

24 

-  550 

0.2 

-  2.0 

15 

-  150 

30 

-  500 

Nil 

-  10 

Nil 

-  10 
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Table  2.  Textural  compositions  of  sediment  samples  (Wang  and  Chen  1977). 

Sediment    Location         %   sand    %  silt    %  clay    Class  of 
number  sediment 


Clinton  77       16       7     Silty  sand 

Disposal  Area 
Houston,  TX 

Houston  78       15       7     Silty  sand 

Ship  Channel 
Houston,  TX 

Rouge  River         83       12       5     Sand 
at  Detroit 
Detroit,  MI 

Anchorage  Basin      16       46       38     Silty  sand 
in  Cape  Fear 
River  Mouth 
Wilmington,  NC 

James  River         97       2       1     Sand 
Richmond,  VA 

Calcasieu  River      21       43       36     Silty  clay 
Louisiana 

Mobile  Bay         55       33       12     Silty  sand 
Alabama 
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occur  during  dumping  (Jones  and  Lee  1978).  Brannon  further  recommends  the 
use  of  bioassessment  techniques  (including  bioaccumulation  assays,  to  deter- 
mine both  short-  and  long-term  lethal  and  sublethal  impacts  to  the  biota. 
Gambrell  et  al .  (1978)  discuss  the  relative  environmental  risks  of  different 
disposal  alternatives  and  the  problems  with  different  contaminants  and  dis- 
posal methods. 

To  the  above  recommendations  we  suggest  adding  the  use  of  bulk  sediment 
analysis  where  the  addition  of  contaminants  to  a  water  body  could  have  long- 
term  significance.  An  example  is  San  Francisco  Bay.  Pollutants  enter  the 
Bay  from  various  sources,  including  dredging.  They  are  resuspended  and  trans- 
ported within  the  aquatic  system  and  eventually  there  is  a  loss  of  pollu- 
tants from  the  Bay  via  the  narrow  mouth.  If  the  input  of  pollutants  is 
greater  than  the  outflow,  long-term  buildup  of  sediment  pollutants  may  be 
harmful  to  the  biota  (letter  dated  28  April  1977  from  Richard  Kroger,  FWS, 
Sacramento,  California). 

Potential  for  Productive  Uses 

Contaminants  and  organic  debris  found  in  the  material  from  many  main- 
tenance dredging  sites  limit  the  potential  uses  of  the  material.  Often 
contaminant  levels  are  not  environmentally  acceptable.  There  is  also  often 
too  much  organic  matter  for  certain  engineering  uses.  There  are  many  situa- 
tions, however,  where  maintenance  material  can  be  put  to  beneficial  uses. 

Material  from  maintenance  dredging,  if  not  high  in  contaminants  is  often 
excellent  as  a  substrate  for  recreation  areas,  marsh  establishment,  or  as  a 
soil  additive.  Sand  and  gravel  may  be  useful  for  construction  material,  but 
they  are  usually  mixed  with  other  materials  in  quantities  that  make  separa- 
tion necessary.  The  cost  of  separation  is  often  greater  than  the  market 
value  of  the  final  product  (Mai  lory  and  Nawrocki  1974). 

Polluted  material  can  sometimes  be  used  as  land  fill  for  industrial 
sites,  depending  on  the  contaminants  present  and  the  use  of  the  land.  A  fre- 
quent constraint  on  the  use  of  maintenance  material  for  construction  sites  is 
that  such  land  fills  must  be  developed  over  short  periods.  Unfortunately,  fill 
from  maintenance  dredging  usually  becomes  available  over  relatively  long  peri- 
ods. Another  constraint  is  the  poor  engineering  properties  of  fine-grained 
materials  (Boyd  et  al .  1972)  which  often  characterize  fill  from  maintenance 
dredging. 

There  is  some  potential  for  filling  mines  and  pits  with  dredged  material. 
Transport  distance  is  the  most  critical  variable.  Long  distance  transport  is 
now  feasible,  although  expensive  (SCS  Engineers  1977).  The  greatest  potential 
for  disposal  in  mines  and  pits  appears  to  be  in  the  Great  Lakes  area  and  along 
some  of  the  Midwestern  rivers.  Extreme  caution  should  be  exercised  in  the 
use  of  mines  and  pits  for  disposal  of  contaminated  material,  as  ground  water 
contaminantion  could  occur  in  some  instances  (Gambrell  et  al .  1978). 
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PART  III 

COASTAL  WATERS 

The  coastal  zone  is  one  of  the  most  productive  and  critical  areas  for 
fish  and  wildlife.  In  Part  III,  impacts  are  divided  into  dredging  site  impacts 
(effects  of  the  removal  operation)  and  disposal  operation  impacts  (effects  of 
dredged  material  disposal).  We  believe  some  of  the  most  severe  long-term 
impacts  from  dredging  are  caused  by  the  physical  changes  in  estuaries  due  to 
"new-work"  dredging.  Maintenance  dredging  and  dredged  material  disposal  pose 
less  severe  threats,  except  when  the  sediments  contain  high  levels  of  contam- 
inants. 

ASSESSMENT  OF  IMPACTS  AT  THE  DREDGING  SITE 
Water  Column  Impacts 

Potential  water  column  impacts  at  the  dredging  site  include  increased 
turbidity,  increased  oxygen  demand,  and  releases  of  contaminants  and  nutri- 
ents -  especially  free  sulfides,  hydrogen  sulfide,  and  ammonia.  The  release 
of  these  constituents  varies  widely  with  different  types  of  equipment,  and 
even  within  the  same  equipment  type,  depending  on  effectiveness  of  operation, 
state  of  maintenance,  and  deployment.  Turbidity  associated  with  the  dredging 
operation  is  not  usually  as  great  as  turbidity  associated  with  the  disposal 
operation.  Employment  of  known  good  dredging  procedures  by  dredge  operators 
will  greatly  reduce  dredge-induced  turbidity  (Huston  and  Huston  1976).  The 
greatest  concern  about  the  dredging  operation  is  turbidity  caused  by  hopper 
dredge  overflow  and  clam  shell  dredging. 

A  more  chronic  type  of  turbidity  is  associated  with  the  sediments  from 
the  excavated  channel.  These  sediments  become  available  for  resuspension  by 
wave  action  or  currents,  until  they  are  finally  transported  by  natural  forces 
from  the  area  or  become  biologically  fixed  (Taylor  and  Saloman  1967).  The  new 
channel  becomes  a  trap  which  retains  sediments  that  are  frequently  resuspended 
by  boat  traffic  or  maintenance  dredging.  Thus,  the  net  result  of  new  channel 
construction  may  be  a  general  increase  in  turbidity  (Taylor  and  Saloman  1967). 
In  contrast,  maintenance  dredging,  although  it  may  produce  a  temporary  in- 
crease in  turbidity,  may  decrease  long-term  turbidity  by  deepening  the  channel 
and  thus  decreasing  the  resuspension  of  sediments  by  boat  traffic. 

Bottom  Impacts 

The  use  of  a  section  of  water  bottom  for  a  navigational  channel  often 
precludes  its  utilization  for  normal  aquatic  production.  During  the  initial 
channel  construction  and  at  each  maintenance  dredging,  75%  or  more  of  the  ben- 
thic  organisms  are  removed  from  the  site  (U.S.  Army  Engineer  District,  San 
Francisco  1975).  Recolonization  of  a  new  channel  is  often  rapid  and  original 
biomass  is  sometimes  reached  in  2  weeks  to  4  months  (Chesapeake  Biological 
Laboratory  1970,  Slotta  et  al.  1973,  Taylor  undated,  and  U.S.  Army  Engineer 
District,  San  Francisco  1974).  However,  recolonization  is  usually  by  opportun- 
istic species  which  are  less  valuable  in  the  food  chain.  Original  species 
diversity  is  seldom  achieved  (U.S.  Army  Engineer  District,  San  Francisco  1975; 
Taylor  undated).  Although  original  biomass  may  often  occur,  Taylor  and  Saloman 
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(1?67)  found  in  Boco  Ciega  Bay,  Florida,  that  the  recolonization  of  new  chan- 
nels by  invertebrates  v;as  negligible  after  10  yr  and  that  none  of  the  49 
species  of  fish  caught  in  the  channels  (as  compared  to  80  species  caught  in 
undredged  areas)  were  derrersal.  The  decrease  in  numbers  of  invertebrates  in 
the  channels  was  attributed  to  the  soft  silt-clay  dredged  sediments  compared 
to  the  sand-shell  undredged  sediments.  Decreased  oxygen  supply  in  and  above 
the  dredged  channel  substrate  was  also  considered  a  prime  factor. 

More  serious  impacts  of  new  channel  construction  may  be  chances  in  circu- 
lation patterns,  salinities,  sediment  input  and  deposition,  sediment  supply  to 
the  coast,  and  nearshore  wave  refraction  and  diffraction  patterns  (Rees  1977). 
These  impacts  are  usually  detrimental  but  on  occasion  could  be  beneficial.  An 
increase  in  water  exchange  rate  between  a  bay  and  the  ocean  could  be  benefi- 
cial in  instances  when  there  is  insufficient  dilution  to  disperse  contaminants 
or  nutrients. 

Changes  in  the  bottom  topography  due  to  construction  of  the  Mobile  (Ala- 
bama) ship  channel  have  contributed  to  the  problem  of  annual  oxygen  depletion 
in  Mobile  Bay.  Water  in  sinks  in  the  bay  bottom  becomes  depleted  of  oxygen; 
occasionally  the  oyxgen  depleted  water  is  moved  shoreward  by  wind  and  v/ave 
action  resulting  in  stress  to  the  biota  (May  1973a). 

Kaplan  et  al.  (1974)  noted  a  drastic  decrease  in  productivity  following 
the  dredging  of  a  navigational  channel  through  a  small,  shallow  bay  in  Long 
Island,  New  York.  Biota  were  reduced  in  the  bay  and  in  the  dredged  channel. 
The  authors  blamed  changes  in  current  velocity  and  concomitant  modifications 
in  substrate  type  as  well  as  land  use  changes  brought  on  by  the  new  channel. 

Dredging  can  be  extremely  destructive  to  coral  reefs.  Bak  (1978)  noted 
decreases  in  light  penetration  from  turbidity  caused  by  dredging,  a  loss  of 
the  zooxanthellae,  and  eventual  death  of  certain  coral  species.  Calcification 
rates  were  suppressed  in  two  species  of  corals  during  and  following  the  dis- 
turbance from  dredging.  A  thorough  discussion  of  impacts  of  dredging  and  sus- 
pended material  on  coral  reefs  is  found  in  Stern  and  Stickle  (1978). 

After  a  ship  channel  is  constructed,  it  becomes  a  sink  for  sediments  that 
often  contain  large  amounts  of  potential  contaminants.  Resuspension  or  reacti- 
vation of  these  potential  contaminants  is  great  when  maintenance  dredging  is 
conducted  or  when  ships  move  through  the  area  (Lee  1976,  Smith  1976). 

Other  Impacts 

The  greatest  impacts  from  new  channel  construction  often  are  related  to 
increased  industrial  development  which  may  alter  drainage  patterns  and  reduce 
water  quality. 

A  potential  adverse  impact  of  dredging  is  the  entrainment  of  slow-moving 
nekton.  Large  scale  mortality  of  dungeness  crabs  has  been  blamed  on  hydraulic 
dredges  in  Grey's  Harbor,  Washington  (memorandum  dated  11  February  1977  from 
R.H.  Latta,  Corps  of  Engineers,  Seattle,  Washington). 
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ASSESSMENT  OF  IMPACTS  OF  DISPOSAL  ALTERNATIVES 

Dredged  rraterial  is  disposed:  on  terrestrial  sites;  on  islands,  fast- 
lands,  and  beaches;  on  wetlands;  in  estuaries;  on  the  continental  shelf;  and 
in  the  deep  ocean.  The  terms  "deep  ocean"  and  "continental  shelf"  are  used 
similar  to  that  of  Pequegnat  et  al.  (1978).  The  continental  shelf  includes 
the  area  seaward  of  land  and  estuaries  out  to  the  "shelf  break."  The  shelf 
break  varies  considerably  around  the  coast  of  the  U.S.  but  generally  occurs  at 
depths  of  60  to  200  m  (200  to  650  ft).  Deep  ocean  disposal  includes  the  area 
seaward  from  the  shelf  break  and  thus  includes  the  continental  slope  and  the 
deep  ocean  basin  or  abyss. 

Terrestrial  Disposal 

For  this  discussion,  "terrestrial"  refers  to  land  masses  above  mean  high 
tide  or  nonwetlands.  Also  included  are  confined  disposal  areas  situated  in 
shallow  waters  that  become  emergent  as  they  are  filled. 

During  the  1970's,  confined  disposal  in  shallow  waters  became  a  popular 
alternative  to  disposal  in  deeper  waters  and  was  extensively  used  for  polluted 
material.  However,  available  land  for  disposal  of  dredged  material  is  becom- 
ing increasingly  difficult  to  find,  particularly  in  the  northeast  (Boyd  et  al. 
1972).  Wetlands,  once  considered  suitable  for  disposal  of  dredged  material, 
are  now  considered  more  valuable  for  fish  and  wildlife.  In  addition,  owners 
of  well  drained  useable  land,  or  land  already  suited  for  developm.ent,  gener- 
ally are  opposed  to  the  placing  of  dredged  material  that  nay  present  problems 
from  the  enoineerina  or  aesthetic  point  of  view  and  lower  the  economic  value 
of  the  land  (Boyd  et  al.  1972). 

Most  containment  areas  are  surrounded  by  earthern  dikes.  Only  large  or 
more  permanent  containment  areas  are  protected  by  riprap  or  stone  facing. 
Nearly  e^ery  containment  area  is  equipped  with  a  spillway  or  overflow  weir  and 
some  also  have  settling  basins  (Figure  2).  To  accommodate  varying  filling 
rates  and  varying  ponding  time  requirements,  most  weirs  are  of  the  stoplog  or 
otherwise  height-adjustable  variety  (Boyd  et  al.  1972). 

Diked  containment  areas  have  often  been  considered  a  panacea  for  the  dis- 
posal of  contaminated  dredge  material.  However,  impacts  to  fish  and  wildlife 
associated  with  these  sites  may  be  positive  or  negative.  Habitats  resulting 
from  disposal  may  or  may  not  be  more  valuable  or  productive  than  the  habitat 
that  existed  before.  Often  confined  disposal  areas  become  industrial  sites 
and  have  no  value  to  wildlife. 

Confinement  area  levees  may  provide  valuable  habitat  to  wildlife.  The 
raised  land  increases  habitat  diversity,  provides  habitat  for  birds,  raccoons 
(Procyon  lotor),  mink  (Mustela  vison),  deer  (Odocoileus  sp.),  and  other  spe- 
cies. During  periods  of  high  water  and  especially  during  hurricanes,  levees 
offer  refuge  for  large  numbers  of  animals  (Glasgow  and  Enswinger  1957).  The 
interiors  of  disposal  areas  may  provide  wetland  habitat.  On  the  negative  side, 
local  conditions  may  cause  undesirable  animal  and  plant  species  to  proliferate 
in  confinement  areas.  If  not  well  located,  confinement  areas  can  seriously 
alter  runoff  patterns,  thus  adversely  affecting  the  biological  populations 
(Schroeder  et  al.  1977). 
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Figure  2.  Pertinent  features  of  a  dredged  material  containment  area  (Bartos  1977). 
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Additional  concerns  are: 

(a)  turbidity  and  sedimentation  from  dike  construction  and  from  the  the 
containment  area  discharge; 

(b)  the  exit  of  contaminants  from  the  disposal  area  through  the  efflu- 
ent; and 

(c)  possible  uptake  of  contaminants  by  waterfowl  or  other  animals  using 
the  disposal  area. 

The  DMRP  has  produced  a  large  amount  of  information  on  the  first  two 
items  but  information  on  contaminant  uptake  and  long-term  impacts  is  limited. 

The  subject  of  confinement  area  effluent  quality  is  quite  complex.  How- 
ever, at  the  risk  of  oversimplification,  it  can  be  stated  that  the  quality  of 
the  discharge  is  greatly  influenced  by  confinement  area  design  and  retention 
time.  According  to  the  majority  of  the  literature,  most  of  the  potential 
pollutants,  e.g.,  heavy  metals,  oil  and  grease,  and  PCBs  are  sorbed  to  fine- 
grained clays  and  silts  and  are  not  in  a  soluble  form.  Thus,  the  movement 
of  these  potential  pollutants  is  related  to  the  fate  of  settable  solids. 
Retention  of  solids  through  proper  design  of  containment  areas  and  proven 
engineering  practices  will  result  in  lower  levels  of  pollutants  being  dis- 
charged. Actively  growing  vegetation  in  confinement  areas  also  increases 
the  removal  of  solids  from  elutriate  (Chen  et  al .  1978).  Windom  (1977) 
found  overland  flow  in  salt  marshes  removed  nutrients  and  metals  from  dis- 
posal area  effluent. 

Chen  et  al .  (1978)  concluded  from  laboratory  and  field  studies  that  ef- 
fluent from  containment  areas  generally  did  not  meet  water  quality  criteria 
for  beneficial  use  of  receiving  waters  (ammonia,  total  phosphorus,  chlorinated 
hydrocarbons,  and  most  trace  metals  exceeded  levels  recommended  for  aquatic 
life,  drinking  water,  and  irrigation  water).  There  were  indications  in  the 
studies  that  efficient  retention  of  solids  in  disposal  areas  would  result  in 
meeting  most  standards.  With  low-density  solids,  organic  detritus,  fine  iron 
oxides,  and  clay-sized  minerals,  long-term  retention  time  or  flocculants  may 
be  required  to  meet  water  quality  standards. 

The  significance  of  the  impact  of  disposal  area  effluent  on  receiving 
waters  is  largely  unknown.  Dilution  occurring  in  the  receiving  waters  will, 
in  many  instances,  reduce  many  of  the  constituents  to  harmless  levels.  How- 
ever, the  fate  and  biological  impact  of  persistent  substances,  such  as 
organohalogens  and  trace  metals,  have  not  been  well  defined  and  these  sub- 
stances may  constitute  a  chronic  threat  to  the  biota.  Hoss  et  al .  (1974) 
conducted  a  laboratory  study  of  the  effluent  from  polluted  dredged  material 
collected  from  the  Charleston  Harbor.  They  concluded  that  the  effluent  may 
be  harmful  to  larval  fishes.  Heavy  metals  and  ammonia  were  implicated  as 
the  possible  agents  causing  larval  mortality. 

Chen  et  al .  (1978)  also  noted  that  heavy  metals  are  generally  associated 
with  solids  and  are  removed  from  the  effluent  provided  that  retention  time  in 
the  containment  area  is  adequate.  Those  trace  metals  associated  with  larger 
particles  exhibit  the  best  retention.  An  analysis  of  data  from  Table  3  dra- 
matically demonstrates  the  efficiency  of  removal  of  metals  when  they  are 
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combined  with  solids,  in  contrast  to  the  inefficient  removal  of  metals  in 
solution.  Brannon  et  al .  (1978),  Chen  et  al .  (1978),  and  Hoeppel  et  al . 
(1978)  provide  more  detailed  discussions  on  this  subject. 

.  Within  a  confinement  area,  the  uptake  of  contaminants  through  the  food 
chain,  as  by  feeding  waterfowl,  is  a  distinct  possibility,  but  definitive 
studies  are  not  available.  Possible  routes  of  uptake  are  through  ingestion  of 
either  above-  or  below-ground  portions  of  plants,  or  through  ingestion  of  soil 
or  aquatic  invertebrates.  Chemicals  with  higher  partition  coefficients  will 
concentrate  in  the  organic  fractions  and  ultimately  become  associated  with 
food  chain  organisms.  Those  chemicals  of  major  concern  include  PCBs  and  poly- 
nuclear  aromatic  hydrocarbons  that  have  been  found  at  biologically  significant 
levels  in  fish  and  wildlife  (Koeman  et  al .  1973). 

Potential  pollution  from  confinement  areas  is  not  limited  to  the  period 
of  active  dredging.  Placing  anaerobic  sediments  in  a  nonwetland  containment 
area  will  enhance  release  of  heavy  metals  through  the  process  of  metal  sulfide 
oxidation  and  an  increase  in  acidity.  During  a  subsequent  storm,  heavy  metals 
may  be  released  over  the  weir  in  significant  quantities.  Heavy  metals  may  be- 
come more  available  to  the  environment  when  placed  in  a  terrestrial  disposal 
area  than  when  deposited  in  an  aquatic  environment  where  they  may  remain  in  an 
anerobic  state  (Khalid  et  al .  1977).  According  to  Gambrell  et  al .  (1978),  cer- 
tain types  of  dredged  material  may  become  moderately  to  strongly  acidic  upon 
drainage  and,  under  non  wetland  conditions,  the  subsequent  oxidation  presents 
a  high  potential  for  contaminant  mobilization. 

Island,  Fastland,  or  Beach  Disposal 

Dredged  material  is  often  used  to  construct  fasti ands  (high  and  dry  lands 
that  are  formed  over  a  relatively  short  period  of  time,  including  islands) 
in  existing  shallow  waters  or  wetlands  as  sites  for  industry  or  recreation 
(Gushue  and  Kreutziger  1977).  Impacts  associated  with  these  disposal  areas 
include:  (a)  the  permanent  loss  of  wetlands  or  water  bottoms;  (b)  changes  in 
water  circulation  patterns  and  flushing  rates;  and  (c)  secondary  impacts  from 
industrialization  such  as  increased  surface  runoff,  and  point  and  nonpoint 
source  pollution. 

Beach  nourishment  projects  are  becoming  more  common  and  often  are  an 
alternative  for  the  disposal  of  sandy  material .  The  greatest  adverse  impacts 
associated  with  beach  nourishment  appear  to  be  turbidity  at  the  time  of  dis- 
posal and  for  several  months  thereafter  as  the  fine-grained  material  is  worked 
from  the  sand  and  transported  down  current.  Smothering  of  benthic  organisms 
appears  to  be  a  minor  short-term  impact. 

Wetland  Disposal 

Disposal  of  dredged  material  in  wetlands  is  now  less  frequent  due  to  recent 
recognition  of  the  value  of  wetlands.  Often,  however,  the  only  economically 
viable  choices  are:  (1)  depositing  dredged  material  in  a  confined  disposal 
area  that  is  constructed  within  the  confines  of  the  wetlands  or  (2)  spreading 
the  material  thinly  over  a  large  section  of  the  wetland.  Is  it  better  to 
"write  off"  a  small  parcel  of  wetland  habitat  for  wildlife  use,  to  protect  the 
rest  of  the  wetland,  or  can  all  of  the  wetlands  be  retained  by  spreading  the 
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material  over  a  large  area?  This  question  will  not  be  answered  here,  however, 
Reimold  et  al.(1978)  provide  some  insight  into  the  ability  of  marsh  to  recover 
from  various  depths  of  dredged  material  cover.  In  a  Georgia  salt  marsh, 
Spartina  alterni flora  nade  substantial  recovery  from  burial  by  up  to  23  cm 
(9  inches)  of  several  types  of  dredged  material.  Reimold  et  al .  (1978),  how- 
ever, urged  caution  in  spreading  dredged  material  on  marshes  and  noted  that 
deposition  should  not  result  in  a  higher  elevation  than  the  surrounding  marsh. 

Estuarine  Disposal 

Estuaries  are  highly  productive,  complex  systems  and  the  potential  for 
damage  by  dredging  is  great.  The  potential  for  damage  from  aquatic  disposal 
appears  to  decrease  as  the  disposal  site  is  moved  seaward  from  estuaries  to 
the  continental  shelf  or  into  the  deep  ocean  because  biological  productivity 
and  usefulness  decrease  while  dilution  and  mixing  increase  (Pequegnat  et  al . 
1978).  Routine  disposal  of  maintenance  material  (unless  it  is  grossly  pollut- 
ed) is  similar  to  other  man-made  and  natural  disturbances  in  impact  to  bottom 
fauna.  Benthic  fauna  living  in  or  near  navigational  channels  are  well  adapted 
to  such  disturbance  (McCauley  et  al .  1977). 

Water  column  impacts.  Real  or  suspected  impacts  are  associated  with 
suspended  solids,  release  of  contaminants,  nutrient  and  biostimulant  release, 
destruction  of  plankton  or  nekton  through  physical  contact  with  dredged  mate- 
rial, interference  with  animal  migrations,  dissolved  oxygen  depletion,  and 
toxic  organics. 

Direct  destruction  of  plankton  and  nekton  is  of  little  consequence  be- 
cause of  the  great  reproductive  capacity  of  plankton  and  because  nekton  can 
usually  avoid  dredged  material  being  deposited. 

The  severity  of  water  column  impacts  is  strongly  related  to  the  degree  of 
dilution  and  mixing  experienced.  It  appears  that  the  potential  impacts  listed 
above  are  not  likely  to  adversely  impact  the  water  column  in  well-mixed  wa- 
ters. No  adverse  impacts  were  noted  at  four  disposal  sites  in  well-mixed 
waters  intensively  monitored  by  the  DMRP  (Wright  1978), 

With  the  exception  of  fluid  mud,  suspended  solids  or  turbidity  from 
dredged  material  disposal  are  not  usually  a  serious  problem  (Hirsch  et  al . 
1978).  Fluid  mud  has  been  arbitrarily  defined  as  sediment  with  a  bulk  density 
of  less  than  1.3,  a  high  water  content,  and  suspended  concentrations  higher 
than  10  g/1  (Nichols  et  al .  1978).  Fluid  mud  and  other  adverse  impacts  of  sus- 
pended particles  are  discussed  in  the  section  about  bottom  impacts.  Turbidity 
generated  by  maintenance  dredging  has  a  visual  or  aesthetic  impact  but  appears 
to  be  short-lived  and  of  less  magnitude  than  turbidity  from  natural  occur- 
rences such  as  storms  or  floods  (May  1973b,  Markey  and  Putnam  1976,  Schroeder 
et  al.  1977). 

Peddicord  (1976:  606)  made  the  following  comment:  "Undermost  conditions 
suspended  particles  themselves  are  lethal  only  at  concentrations  higher  than 
normally  created  by  dredging  operations,  with  important  possible  exceptions. 

iln  this  section  we  mainly  discuss  acute  impacts  of  toxicants.  For  a  discus- 
sion of  chronic  impacts  see  "bottom  impacts." 
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The  effects  of  suspensions  of  uncontaminated  natural  sediments  do  not  seem  to 
differ  significantly  from  those  of  inert  clay  minerals.  Experiments  with  con- 
taminated natural  sediments  indicate  a  much  greater  potential  for  adverse 
impact  than  would  be  associated  with  uncontaminated  sediment.  Sensitive  spe- 
cies are  killed  more  easily  at  warmer  temperatures  or  if  dissolved  oxygen  is 
reduced." 

Turbidity  has  the  greatest  potential  for  damage  in  soft  freshwater  where 
it  is  extremely  persistent.  Hard  water  (200  mg/1  or  greater  of  total  dissolv- 
ed solids)  and  saltwater  induce  flocculation  and  consequent  rapid  settling 
(Wechsler  and  Cogley  1977).  Later  resuspension  of  dredged  material  can  occur 
and  cause  slight  to  moderate  turbidity  problems  (Vitter  1972,  National  Marine 
Fisheries  Service  1976). 

Synergistic  and  antagonistic  effects  of  suspended  particles,  toxicants, 
dissolved  oxygen,  and  other  constituents  of  dredged  material  and  the  receiving 
waters  complicate  the  evaluation  of  impacts. 

The  following  discussion  of  techniques  of  controlling  dispersion  of 
dredged  material  at  open-water  disposal  operations  is  summarized  from  the  re- 
port of  Barnard  (1978).  Normally  about  1%  to  3%  of  the  material  discharged  is 
suspended  in  the  water  column.  The  rest  of  the  slurry  descends  rapidly  to  the 
bottom  where  it  may  remain  in  a  mound  or  it  may  become  fluid  mud  and  move  in  a 
lateral  direction  or  downslope.  According  to  Barnard  (1978:  3),  laboratory 
studies  (but  not  actual  field  observations)  indicate  water-column  turbidity 
can  be  controlled  to  a  great  extent  by  using  different  discharge  configura- 
tions. "The  simple  open-ended  pipeline,  discharging  above  and  parallel  to  the 
surface,  will  maximize  the  dispersion  of  the  slurry  throughout  the  water  col- 
umn and  produce  a  thin,  but  widespread  fluid  mud  layer.  In  water  depths  in 
excess  of  2  m,  (6.5  ft)  the  dispersion  of  the  material  in  the  water  column  can 
be  decreased  by  vertically  discharging  the  slurry  through  a  90-degree  elbow  at 
a  depth  of  0.5  to  1  m  (1.5  to  3  ft)  below  the  water  surface.  Most  water-column 
turbidity  can  be  eliminated  by  using  a  submerged  diffuser  system  at  the  end  of 
the  pipeline.  This  latter  discharge  configuration  also  maximizes  the  mounding 
tendency  of  the  fluid  mud  d'^edged  material , thereby  minimizing  its  areal  cover- 
age over  the  disposal  area-'. 

Silt  curtains  can  sometimes  be  used  to  control  near-surface  turbidity  but 
not  fluid  mud  (Figure  3).  Turbidity  levels  in  the  water  column  outside  the 
curtain,  under  certain  conditions,  can  be  as  much  as  80%  to  90%  lower  than 
levels  inside  or  upstream  from  the  curtain  (J.B.F.  Scientific  Corp.  1978). 
However,  silt  curtains  are  only  effective  in  quiet  waters.  Effectiveness  drops 
rapidly  as  currents,  waves,  and  tides  increase.  Use  of  silt  curtains  is  not 
recommended  where  current  velocities  exceed  50  cm/sec  or  about  1  knot  (Barnard 
1978). 

Release  of  toxicants:  Several  studies  indicate  that  (with  some  excep- 
tions) there  is  not  a  significant  release  of  potential  toxicants,  e.g.,  oils 
and  greases,  pesticides,  PCBs  and  heavy  metals,  into  the  water  column  during 
the  discharge  of  dredged  material  (May  1973b,  Fulk  et  al .  1975,  Chen  et  al. 
1976,  Lee  et  al .  1977,  Schroeder  et  al .  1977).  The  common  exceptions  are 
ammonia,  phosphorous,  manganese,  and  iron.  Burks  and  Engler  (1978)  have  sum- 
marized DMRP  laboratory  investigations  of  releases  of  contaminants  to  the 
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Figure  3.  Processes  affecting  the  performance  of  silt  curtains  in  controlling  dredged  material  dis- 
persion (Barnard  1978). 
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water  column.  In  contrast  to  the  above  cited  studies,  some  recent  studies, 
not  dealing  specifically  with  the  discharge  of  dredged  material,  indicate 
that  contaminants  are  more  bioavailable  than  previously  thought  (Halter 
and  Johnson  1977,  and  statements  by  Lynn  A.  Greenwalt;  Director  of  the  FWS; 
Harry  M.  Ohlendorf,  Assistant  Director  of  the  Patuxent  Wildlife  Research 
Center,  FWS;  and  Foster  L.  Mayer,  Jr.,  Chief  Biologist,  Biology  Section, 
Columbia  National  Fisheries  Research  Laboratory,  FWS,  before  the  U.S.  House 
of  Representatives  Committee  on  Merchant  Marine  and  Fisheries,  on  Problems 
with  Dredge  Disposal  from  New  York  Harbor  14  March,  20  May,  and  21  May,  1980, 
respectively).  In  a  laboratory  study,  yellow  perch  rapidly  accumulated  PCB's, 
mercury,  selenium,  and  zinc  from  resuspended  sediments  collected  from  Saginaw 
Bay,  Lake  Huron  (J.G.  Seelye,  R.J.  Hesselberg,  and  M.J.  Mac,  unpublished  manu- 
script. Great  Lakes  Fishery  Laboratory,  FWS). 

We  believe  that  much  work  needs  to  be  completed  before  the  complex 
dynamics  of  contaminant  availability  and  movement  within  the  ecosystem  is 
understood. 

Most  potential  toxicants  are  sorbed  or  bound  to  fine-grained  sediments 
and  thus  tend  to  remain  with  the  dredged  material.  None  of  the  potential 
contaminants  previously  mentioned  (i.e.,  ammonia,  manganese,  and  iron)  should 
cause  acute  water  column  impacts  under  normal  dilution  and  mixing  conditions. 
However,  hydrogen  sulfide  is  sometimes  released  from  sediments  and  is  highly 
toxic  to  aquatic  organisms,  even  with  substantial  dilution.  Hydrogen  sulfide 
may  be  present  in  highly  organic  sediments  that  contain  wood  pulp  fibers,  such 
as  occur  in  the  Pacific  Northwest  (Serviz  et  al .  1969). 

Chen  et  al .  (1976)  stated  that  "concerns  regarding  the  release  of  a 
significant  quantity  of  toxic  materials  into  solution  during  dredging  opera- 
tions and  disposal  are  unfounded.  Some  metals  are  released  in  the  parts  per 
billion  range  but  others,  with  the  exceptions  of  manganese  and  iron,  show 
essentially  no  release  pattern."  The  work  done  by  Hoss  et  al .  (1974)  does 
indicate  that  larval  fishes  could  be  killed  in  situations  where  dilution  is 
not  substantial.  Chen  et  al .  (1976)  also  noted  that  clay,  silt,  and  organic 
particles,  temporarily  suspended  in  the  water  column,  will  contain  trace 
metals  and  hydrocarbons. 

Emphasis  is  shifting  to  bioassessment  techniques  to  determine  long-term 
impacts  of  dredged  material  on  aquatic  life  (Schuba  et  al .  1978).  Tests 
should  be  conducted  utilizing  sublethal  parameters  as  much  as  possible.  Enzyme 
induction  tests,  physiological  dysfunction,  and  pathological  and  biochemical 
changes  have  been  useful  in  documenting  cause  and  effect  relationships  of 
contaminants  (personal  conversation  12  March  1980  with  Charles  R.  Walker, 
Fishery  Ecology  Research,  FWS,  Washington,  D.C.).  These  types  of  tests  are 
difficult  to  perform  in  practical  field  applications  but  should  be  considered 
as  a  desirable  goal . 

A  specialized  type  of  disposal  that  has  limited  application  for  directing 
toxicants  away  from  critical  areas  consists  of  discharging  into  a  strong  cur- 
rent which  carries  away  the  dredged  material.  Disposal  can  be  into  a  nearby 
channel  or  into  the  mouth  of  an  outlet  to  the  sea,  utilizing  outgoing  tides. 
Limited  use  of  this  technique  has  not  resulted  in  noticeable  adverse  environ- 
mental impacts  (telephone  conversation  5  February  1979  with  Braxton  Kaiser, 
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Corps  of  Engineers,  Charleston,  South  Carolina).  Agitation  dredging  that 
entails  bringing  sediments  into  suspension  by  mechanical  agitation,  such  as 
through  the  use  of  a  dredge,  and  the  subsequent  removal  by  strong  currents 
may  occasionally  be  employed  as  a  disposal  alternative.  Sidecasting  is  also 
an  alternative  technique  in  a  dynamic  environment.  Sanderson  (1976)  describes 
the  use  of  sidecasting  in  North  Carolina  inlets.  The  reader  should  remember, 
however,  that  if  contaminants  are  present,  agitation  and  suspension  of  soil 
particles  will  maximize  the  potential  for  release  of  contaminants  to  the  water 
column. 

Each  project  utilizing  currents  to  remove  sediments  must  be  evaluated  on 
its  own  merits.  If  sand  must  be  removed  from  channels  it  appears  to  be  more 
desirable,  from  an  environmental  standpoint,  to  leave  the  sand  in  the  littoral 
zone  rather  than  release  it  in  deep  water.  Deep  water  disposal  will  lead  to  a 
deficit  sand  budget  in  the  littoral  zone,  which  in  turn  will  affect  littoral 
zone  organisms  and  cause  beach  erosion.  The  scant  available  literature  on  im- 
pacts of  agitation  dredging  leads  to  the  conclusion  that  careful  site  selec- 
tion for  this  technique  will  impose  few  environmental  hazards  if  the  material 
is  unpolluted. 

Nutrient  release:  There  is  often  a  significant  release  of  nutrients  and 
biostimulants  during  disposal  operations,  particularly  ammonia,  but  also  less- 
er amounts  of  forms  of  ortho-phosphates  (Blom  et  al .  1976,  Brannon  et  al . 
1976,  Schroeder  et  al .  1977).  The  greatest  potential  for  detrimental  condi- 
tions and  accompanying  blooms  of  unwanted  algae  from  dredged  material  disposal 
appears  to  be  in  poorly-mixed  estuarine  waters  where  nitrogen  is  often  limit- 
ing. In  nutrient  deficient  waters,  the  addition  of  nutrients  could  actually 
be  beneficial . 

Dissolved  oxygen:  Short-term  dissolved  oxygen  depletion  due  to  dredging 
is  seldom  a  problem  (Slotta  et  al .  1974,  Smith  et  al .  1976).  At  the  discharge 
site,  reduced  oxygen  levels  are  usually  found  near  the  bottom  at  the  point  of 
discharge,  but  are  of  short  duration  (Stern  and  Stickel  1978).  However,  long- 
term  anoxia  can  occur  when  highly  organic  sediments  are  discharged.  Adverse 
impacts  are  most  likely  to  occur  in  poorly-mixed  waters  receiving  highly  or- 
ganic dredged  material,  such  as  sediments  taken  from  inner  harbor  areas. 

Impacts  on  animal  concentrations  and  migrations:  The  adverse  impact  of 
turbidity  on  concentrations  and  migrations  of  aquatic  organisms  is  well  docu- 
mented (^Darnell  et  al .  1976),  but  the  role  played  by  dredging  is  not  well 
known.  Potential  impacts  are  very  site  specific.  Dredging  and  disposal  of 
dredged  material  could  conceivably  cause  disorientation  due  to  the  confusion 
of  organic  smells  and  alteration  of  normal  behavior  due  to  physical  disturb- 
ances such  as  noise  of  the  operations  and  discharge  of  the  solids.  Suspended 
solids  from  dredging  and  disposal  could  also  cause  abrasion  of  gills  which 
could  result  in  chronic  bacterial  infections,  coating  of  the  gills  (causing 
anoxia),  and  decreases  in  catchability  of  fish.  Apparently,  levels  of  turbid- 
ity created  by  natural  occurrences  (e.g.,  storms  and  floods)  and  levels  from 
dredging  do  not  normally  cause  direct  mortality.  However,  laboratory  tests 
have  shown  that  concentrations  of  particulate  matter  greater  than  those  nor- 
mally occurring  during  dredging  or  natural  events  cause  direct  mortality 
(Hubert  and  Richards  1963,  Brannon  et  al .  1976). 
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Bottom  Impacts.  The  potential  impact  of  dredged  material  disposal  on  or- 
gan isms~TTvTngorror  near  the  bottom  is  greater  than  potential  impacts  in  the 
water  column.  Impacts  associated  with  the  presence  of  dredged  material  on  the 
bottom  include:  (a)  smothering  and  burial  of  organisms;  (b)  long-term  changes 
in  species  diversity  and  biomass;  (c)  uptake  of  toxic  organic  compounds;  (d) 
heavy  metals  uptake;  (e)  changes  in  water  circulation;  and  (f)  changes  in  sed- 
iment size  and  movement. 

Sedimentation  from  disposal  of  dredged  material  can  have  strong  negative 
impacts  when  the  settling  occurs  in  an  area  containing  sensitive  organisms. 
Areas  of  concern  include  coral  reefs,  seagrass  beds,  oyster  reefs,  and  fish 
spawning  or  nursery  areas.  Sedimentation  can  also  be  a  source  of  nutrients. 
Odum  (1963)  found  an  initial  depression  in  productivity  of  Thalassia  and 
Diplanthera  because  of  sedimentation  from  dredging.  However,  in  the  following 
spring,  high  production  values  were  exhibited  by  those  beds  not  directly 
smothered  by  the  dredged  material.  Increased  productivity  was  attributed  to 
the  release  of  nutrients  from  the  dredged  material. 

Fluid  mud  is  mainly  generated  by  pipeline  dredges  and  can  flow  along  the 
bottom  driven  by  gravity  or  tidal  currents  (O'Neal  and  Sceva  1971).  According 
to  Masch  and  Espey  (1967),  silt  and  clay  particles  make  up  80%  or  more  of  the 
total  particulate  matter  of  fluid  mud.  Benthic  organisms  are  destroyed  when 
fluid  mud  separates  them  from  the  overlying  water  upon  which  they  depend  for 
respiration  and  food  (Diaz  and  Boesch  1977). 

Due  to  a  lack  of  studies,  information  about  the  recovery  time  from  fluid 
mud  impacts  is  not  well  known.  Recovery  in  the  tidal  area  of  James  River,  Vir- 
ginia, was  nearly  complete  in  3  weeks  but  some  adjustments  were  still  occur- 
ring after  3  mo.  Other  less  resistant  or  resilient  communities  would  probably 
require  a  much  longer  recovery  period  (Diaz  and  Boesch  1977).  A  long-term 
potential  impact  of  fluid  mud  is  the  later  resuspension  of  sediments  into  the 
water  column, thus  increasing  turbidity. 

Organisms  buried  by  more  consolidated  materials  will  require  a  longer  in- 
terval to  recolonize  than  organisms  impacted  by  fluid  mud.  Recovery  times  for 
sites  buried  by  consolidated  materials  have  been  reported  to  require  from  a 
few  weeks  to  2  yr  or  more.  In  many  instances,  predisposal  assemblages  of  orga- 
nisms will  not  reoccur  if  the  substrate  is  altered  by  the  addition  of  dredged 
material  that  is  substantially  different  from  the  substrate  covered.  The  new 
fauna  may  reach  the  original  biomass  but  often  will  consist  of  different  spe- 
cies. The  greatest  impact  occurs  when  unlike  material  is  deposited,  i.e.,  sand 
on  mud  or  visa  versa.  Polluted  materials  will  retard  recolonization  indefin- 
itely (O'Neal  and  Sceva  1971).  Fine-grained  materials  are  usually  recolonized 
more  rapidly  than  coarse-grained  materials.  One  study  of  relatively  clean 
dredged  material  in  Rhode  Island  Sound  indicated  that  after  a  recovery  period 
the  faunal  assemblage  was  diverse,  abundant,  and  contained  species  valuable  as 
fish  food  (Saila  et  al .  1972). 

Bingham  (1978)  reported  on  recovery  of  benthic  organisms  at  a  deepwater 
disposal  site  for  contaminated  dredged  material  in  Puget  Sound,  Washington. 
The  following  observations  were  made: 

30 


(a)  the  greatest  detrimental  impact  on  benthos  resulted  from  burial  in 
excess  of  0.5  m  (1.6  ft); 

(b)  benthic  repopulaticn  was  by  horizontal  migration; 

(c)  population  density  had  not  recovered  in  the  center  of  the  disposal 
area  S  mo  after  disposal; 

(d)  because  of  invasion  of  opportunistic  species,  species  diversity  was 
greater  in  the  center  of  the  disposal  area  9  mo  after  disposal; 

(e)  at  9  mo  both  species  density  and  diversity  were  greater  at  the  mar- 
gins of  the  disposal  area  than  reference  areas;  and 

(f)  effects  of  the  disposal  operation  were  confined  to  the  immediate 
disposal  site  area. 

For  additional  discussion  of  impacts  on  benthic  organisms  see  the  DMRP 
synthesis  reports  by  Hirsch  et  al .  (1978)  and  Wright  (1978). 

Contaminants:  Dredged  material  from  harbors  or  other  heavily  industrial- 
ized areas  may  contain  substantial  amounts  of  heavy  metals,  oils  and  greases, 
pesticides,  PCBs,  and  other  toxic  substances.  These  elements  and  compounds 
tend  to  be  tightly  bound  to  clay  particles.  Release  to  the  water  column  is 
limited  and  controlled  by  complex  chemical  reactions  such  as  pH  and  redox 
potential  and  by  the  presence  of  iron  and  sulfides.  Therefore,  most  contami- 
nants remain  with  the  bottom  sediments  where  they  pose  a  long-term  potential 
hazard  to  the  ecosystem. 

The  uptake  and  biological  significance  of  toxicants,  such  as  PCBs, 
kepones,  petroleum  hyrocarbons,  and  heavy  metals  are  not  usually  well  under- 
stood. Haider  and  Johnson  (1977)  found  significant  uptake  of  PCB's  by  fathead 
minnows  (Pimephales  promelas)  from  sediments  via  the  water  column.  However, 
patterns  are  not  consistent  and  generalizations  are  difficult  to  make  at  this 
time.  These  toxicants  persist  as  residues  in  tissue  due  to  bioaccumulation 
(Stern  and  Walker  1978).  Neff  et  al .  (1978),  in  the  laboratory,  obtained  an 
uptake  of  heavy  metals  26.5%  of  the  time  from  135  exposures  involving  eight 
metals  and  five  benthic  invertebrates.  It  does  appear  that  uptake  of  heavy 
metals  is  not  nearly  as  common  as  once  suspected  but  further  research  is 
needec'.  Blom  et  al .  (1976),  Brannon  et  al .  (1976),  Chen  et  al .  (1976),  Khalid 
et  al .  (1977),  and  Lee  et  al .  (1977)  provide  state-of-knowledge  discussions. 

Pesticides,  PCBs,  and  kepones  biomagnify  in  organisms  as  these  compounds 
pass  to  higher  trophic  levels  (Nathans  and  Bechtel  1977,  Horn  et  al .  1979). 
With  the  exception  of  mercury,  biomagnification  is  much  less  common  with  heavy 
rietals  or  petroleum  hydrocarbons. 

The  presence  of  contaminants  in  dredged  material  indicates  a  pccential 
for  uptake,  but  there  are  many  documented  instances  in  which  organisms  exposed 
to  contaminated  materials  did  not  exhibit  uptake.  Many  factors  control  up- 
take. Sodium  chloride,  for  instance,  inhibits  the  availability  of  many  heavy 
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metals.  However,  in  a  Swedish  estuary  following  dredging,  there  was  an  over- 
all increase  in  concentrations  of  Hg,  Cd,  Zn,  Pb,  and  Ni  in  the  benthic  fauna. 
The  elevated  level  was  starting  to  return  to  normal  after  1.5  yr  (Rosenberg 
1977). 

Hydrocarbons  present  at  sublethal  levels  in  dredged  material  have  the 
potential  to  interfere  with  the  olfactory  senses  of  marine  animals  and  affect 
food  location,  escape  from  predators,  selection  of  habitat,  and  sex  attraction 
(Diaz  and  Boesch  1977).  Due  to  the  many  variables  that  affect  the  toxicity  of 
potential  contaminants,  we  agree  with  Hirsch  et  al .  (1978)  that  whole  sediment 
bioassays  should  be  used  to  predict  the  toxicity  of  dredged  material  at  the 
disposal  site.  We  further  urge  that  many  of  these  tests  consist  of  long-term 
evaluations  of  subtle  sub-lethal  effects. 

In  the  course  of  our  review,  we  have  identified  a  significant  data  gap 
relating  to  contaminant  availability  and  toxicity  to  the  biota.  While  there 
is  considerable  information  about  the  impact  of  individual  contaminants  on 
aquatic  and  terrestrial  organisms,  the  bioavailability  and  toxicity  of  the 
contaminants  found  in  dredged  material  is  still  relatively  unknown.  Few 
studies  have  been  conducted  within  the  context  of  dredged  material  disposal 
situations  and,  further,  most  tests  have  failed  to  measure  synergistic  ef- 
fects. Contaminated  dredged  material  usually  contains  many  contaminants 
and,  therefore,  synergistic  effects  could  very  well  be  the  rule. 

Fate  of  deposits  of  dredged  material:  Post-disposal  movement  of  dredged 
material  has  been  shown  to  range  from  no  movement  (Gordon  1974),  to  moderate 
dispersal  from  the  disposal  area  (Bassi  and  Basco  1974),  to  almost  complete 
displacement  from  the  disposal  area  (Maurer  et  al .  1974).  In  pipeline  dredg- 
ing, much  of  the  dredged  material  may  leave  the  disposal  area  at  the  time  of 
disposal  in  the  form  of  fluid  mud  (Bassi  and  Basco  1974).  Material  discharged 
from  hopper  dredges  or  from  barges  is  less  likely  to  be  widely  dispersed. 

Factors  affecting  dispersal  include  grain  size  and  other  characteristics 
of  the  dredged  material,  currents,  tides,  storms,  bottom  topography,  shipping 
traffic,  and  depth.  Saila  et  al .  (1972)  discussed  dispersion  occurring  at  a 
dump  site  in  Rhode  Island  Sound.  Holliday  (1978)  summarized  the  processes 
affecting  the  fate  of  dredged  material  and  Holliday  et  al .  (1978)  discussed 
models  for  predicting  the  short-term  fate  and  long-term  transport  of  dredged 
material.  Mathematical  models  of  both  short-term  and  long-term  transport  of 
dredged  material  have  been  developed  (Krone  and  Ariathurai  1976,  Ariathurai  et 
al.  1977). 

Changes  in  circulation:  Deposits  of  dredged  material  have  the  potential 
to  alter  estuarine  circulation  patterns,  tidal  prisms,  and  water  exchange 
rates.  In  turn,  these  can  decrease  freshwater  flow  through  the  estuary,  de- 
crease saltwater  penetration,  sharpen  salinity  gradients,  affect  temperatures, 
alter  nutrient  budgets,  and  affect  other  physical  or  chemical  parameters. 
These  in  turn  affect  living  organisms  (Odum  1970,  May  1973b).  Changes  may  be 
\/ery   subtle  and  difficult  to  predict. 


A  classi 
near  Brownsv 


ic  example  of  impacts  of  circulation  changes  occurred  in  South  Bay 
ille,  Texas.  Dredged  material  from  the  Brownsville  ship  channel 
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was  placed  along  the  northern  end  of  South  Bay.  As  a  result,  Boca  Chica  Pass 
filled  in,  circulation  in  South  Bay  became  nonexistent,  the  average  depth 
decreased  from  1.2  to  0.4  m  (3.9  to  1.3  ft),  and  the  oyster  population  was 
destroyed.  There  was  also  a  decrease  in  fish  and  invertebrate  populations 
(Breuer  1962). 

Although  dredging-induced  changes  are  often  detrimental,  as  in  South  Bay, 
they  could  conceivably  be  beneficial  by  eliminating  "pollution  traps"  through 
improved  water  exchange  between  a  polluted  estuary  and  the  open  sea  (Odum 
1970). 

Continental  Shelf  Disposal 

Continental  shelves,  like  estuaries,  are  highly  productive  areas  for 
marine  fisheries.  However,  adverse  impacts  of  dredged  material  disposal  are 
not  as  severe  to  continental  shelves  as  to  estuaries  because  water  over  con- 
tinental shelves  has  greater  dilution,  mixing,  and  assimilative  capacities. 
Compared  to  estuaries,  continental  shelves  are  not  the  scene  of  as  many  crit- 
ical physical-chemical-biological  processes.  An  exception  to  the  above  state- 
ments is  the  impact  of  disposal  on  coral  reefs.  (See  assessment  of  impacts  at 
the  dredging  site--bottom  impacts).  Another  disruption  of  an  ecosystem  was 
noted  with  disposal  in  the  surf  zone  of  a  rocky  kelp  bed  area  in  Oregon  (U.S. 
Army  Engineer  District,  Portland  1978). 

Although  adverse  environmental  impacts  are  of  less  concern  on  the  conti- 
nental shelf,  other  constraints  such  as  transportation  costs  and  available 
equipment  become  more  critical.  Much  of  the  discussion  of  the  previous  section 
about  estuarine  disposal  applies  to  continental  shelf  disposal.  However,  many 
impacts  occurring  in  estuaries  will  be  less  severe  or  will  not  occur  on  the 
continental  shelf.  This  discussion  (and  the  section  about  deep  ocean  disposal) 
is  brief  because  of  a  lack  of  studies  and  our  desire  not  to  repeat  the  same 
information  contained  in  the  section  on  estuarine  disposal. 

Water  column  impacts.  Potential  impacts  to  the  continental  shelf  water 
column  are  similar  to  impacts  to  the  estuarine  water  column.  Except  for  some 
special  cases,  such  as  in  the  New  York  bight  (Gunnerson  and  Wanson  1975),  im- 
pacts to  the  continental  shelf  water  column  should  be  minimal  to  non-existent. 
In  the  New  York  bight,  apparently  the  circulation  is  not  adequate  to  dilute 
and  disperse  the  large  volume  of  waste  material  (of  several  types)  that  is 
disposed  there. 

Lee  et  al  (1975),  Blom  et  al .  (1976),  Brannon  et  al .  (1976),  Chen  et  al . 
(1976),  and  Burks  and  Engler  (1978)  discussed  the  release  of  nutrients  and 
potential  toxicants  to  the  water  column  during  disposal  operations.  Signifi- 
cant releases  of  manganese  and  ammonia  can  be  expected.  Lesser  releases  of 
iron,  cadmium,  zinc,  and  orthophosphate  may  occur.  Normal  dilution  should 
reduce  these  materials  to  harmless  levels,  but  there  are  possibilities  of  ad- 
verse effects  over  portions  of  the  continental  shelf  with  poor  circulation. 
The  most  likely  impact  would  be  the  stimulation  of  algae  blooms  by  ammonia. 
Lee  et  al .  (1977)  found  no  significant  water  column  impacts  from  offshore 
dumping  at  Galveston,  Texas. 
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Although  it  can  generally  be  concluded  from  the  literature  that  dilution 
occurring  with  open-water  disposal  will  render  most  contaminants  harmless  over 
the  short  term,  bioaccumulation  and  biomagnification  of  some  contaminants  is 
known  to  occur.  The  following  account  is  not  from  a  dredging  operation,  but 
illustrates  the  point.  In  1965,  in  the  Netherlands,  copper  sulfate  released 
in  coastal  waters  killed  large  numbers  of  fishes  and  mussels.  Dilution  levels 
should  have  been  safe,  however,  the  chemical  accumulated  at  high  levels  in 
certain  links  of  the  food  chain.  Korringa,  as  quoted  in  Merlini  (1971:  465) 
commented  that  "...this  case  clearly  demonstrates  how  erroneous  it  is  to  make 
a  decision  to  discharge  a  pollutant  into  the  sea  on  the  basis  of  calculations 
of  the  eventual  concentration  of  the  pollutant  following  disposal  and  dilu- 
tion." Another  example  is  the  accumulation  of  PCBs  to  levels  of  about  5  mg/g 
in  certain  fishes  of  the  Great  Lakes  even  though  monitoring  of  Great  Lakes 
water  consistently  indicated  concentrations  of  0.01  mg/1  or  less  (U.S.  Envi- 
ronmental Protection  Agency  1976). 

The  work  by  Plumb  (1976)  indicates  that  stimulatory  or  inhibitory  materi- 
als released  from  dredged  sediments  do  not  have  a  significant  effect  on  algae 
when  the  rate  of  dilution  at  deep  ocean  sites  (such  as  on  the  continental 
shelf)  is  considered.  Dilution  will  prevent  low  levels  of  dissolved  oxygen  at 
the  point  of  discharge  from  becoming  a  problem.  Likewise,  continental  shelf 
disposal  should  pose  no  problems  to  concentrations  or  migrations  of  fishes. 
The  literature  does  not  document  any  instances  of  short-term  impacts  of  dredg- 
ed material  to  the  water  column  in  well -mixed  waters. 

Bottom  impacts.  The  possibility  of  impacts  to  the  bottom  appears  much 
greater  than  for  the  water  column.  Potential  bottom  impacts  include  smother- 
ing and  burial  of  organisms,  contaminant  uptake,  and  physical  changes  in 
topography  which  could  alter  nearbottom  currents. 

Pratt  (1979)  discussed  the  monitoring  of  10  dredged  material  disposal 
areas  in  New  England  waters.  He  noted  that  the  greatest  deleterious  effects 
of  dumping  have  been  obstruction  of  trawling  for  shrimp  and  finfish  and  burial 
of  ocean  quahogs.  On  the  positive  side,  throughout  the  region  disposal  sites 
became  productive  lobster  grounds  1  to  3  yr  after  dumping  ended.  First  (1969) 
and  Valenti  and  Peters  (1977)  noted  significantly  greater  assemblages  of  de- 
mersal fish  and  lobsters  in  the  historic  Eatons  Neck,  Long  Island  Sound, 
disposal  area  than  outside  the  disposal  area. 

Although  information  is  lacking,  concerns  over  contaminant  uptake  are 
probably  similar  to  those  expressed  earlier  in  the  estuarine  disposal  section. 

Disposal  of  dredged  material  on  the  continental  shelf  should  have  little 
impact  on  water  movements  except  possibly  for  unusually  deep  accumulations  of 
material  such  as  in  the  New  York  Bight  disposal  areas. 

First  (1969)  recommended  deepwater  disposal  because  bottom  effects  of 
waves  and  tidal  currents  decrease  as  depth  increases,  resulting  in  greater 
sediment  stability  with  increasing  depth,  Oertel  (1976)  studied  a  disposal 
site  off  the  Savannah  River  mouth.  Six  months  after  disposal  the  dredged 
material  still  occupied  the  disposal  site  but  there  was  some  redistribution  of 
grain  sizes  forming  sand  ridges  and  some  sediment  movement  due  to  storms. 
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Deep  Ocean  Disposal 

Deep  ocean  disposal  is  not  commonly  practiced  (Hawaii  and  Puerto  Rico  are 
exceptions)  and  is  generally  considered  to  be  economically  infeasible  (Conner 
et  al .  1979).  However,  as  nearshore  environmental  concerns  increase  and 
available  land  becomes  more  scarce,  deep  ocean  disposal  may  become  a  viable 
disposal  alternative. 

Because  of  the  lack  of  historic  deep  ocean  disposal,  there  is  a  dearth  of 
information  on  impacts.  Most  of  the  discussion  in  this  section  is  taken  from 
An  Assessment  of  the  Potential  Impacts  of  Dredged  Material  Disposal  in  the 
Open  Ocean  (Pequegnat  et  al .  1978),  which  is  primarily  a  theoretical  discus- 
sion of  probable  effects.  Readers  should  review  this  comprehensive  work 
remembering  its  theoretical  nature.  The  authors  concluded  that  "deep  ocean 
disposal .. .is  an  environmentally  sound  alternative  to  presently  unsatisfactory 
disposal  operations"  (p.  151).  They  also  stated  that  "although  there  are 
multiple  el^fects  that  dredged  material  can  and  will  exert  upon  any  region  or 
ecological  system,  it  is  concluded  generally  that  these  impacts  will  be  less 
severe  in  the  deep  ocean  than  elsewhere  in  the  marine  environment."  This  con- 
clusion is  supported  by  the  following  assertions:  (a)  there  are  large  areas 
of  ocean  bottom  and  great  volumes  of  water  to  receive  and  dilute  any  except 
the  most  hazardous  wastes;  (b)  the  deep  ocean  has  a  demonstrated  assimilative 
capacity  to  receive  huge  volumes  of  sediment  without  losing  its  capacity  to 
sustain  normal  life  processes;  (c)  the  capacity  of  the  deep  ocean  to  produce 
food  for  man  is  very  limited  and  insignificant  compared  to  rich  estuaries  and 
continental  shelves;  and  (d)  the  lack  of  fishes  on  deep  ocean  bottom  is  at- 
tributed, in  part,  to  the  lack  of  benthic  invertebrates.  "On  a  worldwide 
basis,  the  average  benthic  biomass  on  the  floor  of  the  deep  ocean  is  no  more 
than  0.01%  that  of  the  continental  shelf"  (Pequegnat  et  al .  1978:  44). 

The  reader  may  refer  to  our  sections  about  estuarine  and  continental 
shelf  disposal  for  general  effects  on  the  aquatic  environment.  However,  the 
applicability  of  this  information  to  the  deep  ocean  environment  is  unknown. 

Mater  column  impacts.  We  agree  with  Pequegnat  et  al .  (1978)  when  they 
state  that  there  is  less  potential  for  dredged  material  harming  the  water  col- 
umn than  the  deep  ocean  bottom.  Impacts  to  the  water  column  should  be  similar, 
in  a  very  general  way,  to  those  impacts  discussed  in  the  sections  on  estuarine 
and  continental  shelf  disposal,  except  that  the  dilution  factor  is  greater. 

There  should  be  little  concern  for  uncontaminated  river  sediments.  River 
sediments  appear  to  stimulate  ocean  productivity,  a  prime  example  being  the 
rich  fishery  of  the  Gulf  of  Mexico  down  current  from  the  mouth  of  the  Missis- 
sippi River.  Concern  should  be  concentrated  on  the  disposal  of  contaminated 
sediments.  However,  the  present  lack  of  experience  in,  and  research  about, 
deep  ocean  dumping  leaves  its  effects  on  the  water  column  unknown. 

Bottom  impacts.  Pequegnat  et  al .  (1978:  45)  state  that  "the  ultimate  fate 
of  the  dredged  material  disposed  in  the  deep  ocean  is  the  bottom  sediments. 
Here,  potentially  toxic  elements  and  compounds  may  be  subjected  to  conditions 
that  greatly  differ  from  those  in  the  overlying  water  columns  and  thereby  may 
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be  released  and  made  available  to  the  benthic  community.  Thus,  it  is  easier 
to  visualize  harmful  impacts  on  the  benthos  than  on  the  pelagical." 

There  should  be  little  or  no  movement  of  deposits  of  dredged  material  on 
the  deep  ocean  floor  and  likewise  little  effect  on  water  circulation.  However, 
definitive  research  is  lacking. 

Habitat  Development 

Habitat  development  is  a  disposal  method  that  has  not  attained  its  full 
potential.  Terrestrial,  island,  and  marsh  development  techniques  are  moder- 
ately well-developed,  although  only  the  latter  is  being  practiced  to  any  great 
extent.  Creation  of  aquatic  habitat  is  possible  but  the  technology  has  not 
been  developed.  Figure  4  illustrates  a  conception  of  habitat  development. 
According  to  Smith  (1978),  factors  to  consider  in  evaluating  the  habitat  de- 
velopment alternatives  include  characteristics  of  the  dredged  material,  site 
selection,  engineering,  cost  of  alternatives,  sociopolitical  implications,  and 
environmental  impact.  For  a  philosophical  discussion  of  the  pros  and  cons  of 
habitat  development  from  an  ecological  viewpoint  see  Lunz  et  al .  (1978).  At- 
tention is  given  to  the  relationship  of  the  habitat  site  to  the  total  ecosys- 
tem. 

Most  of  the  following  discussion  is  summarized  from  DMRP  reports  and  the 
reader  is  referred  to  the  appropriate  sources  for  more  details. 

Terrestrial  development.  Terrestrial  or  nonwetland  refers  to  mainland  or 
large  island  areas  that,  normally  are  not  flooded  and  are  characterized  by  up- 
land vegetation  or  a  mixture  of  upland  and  wetland  plants.  We  are  treating 
islands  separately  even  though  most  island  habitat  is  terrestrial. 

Terrestrial  vegetation  of  varying  value  to  wildlife  will  naturally  invade 
both  contained  and  uncontained  disposal  areas  or  it  can  be  artificially  devel- 
oped and  managed.  Terrestrial  habitat  may  vary  widely  and  includes  grasses, 
weeds,  shrubs,  and  trees.  The  value  to  wildlife  will  depend  on  site  charac- 
teristics (elevation  and  composition  of  the  sediments)  and  the  subsequent 
vegetative  cover.  Invading  plant  species  often  consist  of  vegetation  of  low 
value  to  wildl ife. 

Habitat  can  be  developed  to  provide  food  and  cover  for  mammals,  birds, 
reptiles,  and  amphibians,  or  resting,  feeding,  or  nesting  areas  for  waterfowl. 
Small  sites  may  be  ideal  for  small  animals,  whereas  larger  areas  may  be  man- 
aged for  waterfowl  or  deer.  Animal  diversity  and  abundance  will  depend  on 
accessibility  of  the  site,  suitability  of  feeding,  cover,  and  breeding  habi- 
tat, and  competitive  pressures  imposed  on  adjacent  habitats  (Coastal  Zone 
Resource  Corporation  1976).  Dames  and  Moore  (1977)  identified  game  and  fur- 
bearing  animals  which  they  felt  could  benefit  most  from  habitat  development  on 
upland  disposal  areas. 

Land  managers  must  decide  whether  to  develop  and  manage  for  optimum  con- 
ditions for  only  one  or  two  species,  or  to  manage  for  species  diversity  which 
features  favorable  conditions  for  a  number  of  species  (Hunt  et  al .  1978a). 
Local  needs  and  constraints  will  help  to  determine  the  wildlife  to  be  managed. 
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Figure  4.  Hypothetical  site  illustrating  the  diversity  of  habitat  types  that  may  be  developed  at  a  dis- 
posal site  (adapted  from  Lunz  et  al.  1978). 


37 


The  species  must  be  compatible  with  human  use  of  the  site  or  the  surrounding 
area.  For  example,  if  the  site  is  to  be  used  as  a  park  the  animals  must  be 
tolerant  of  human  disturbance. 

Two  general  types  of  disposal  areas  are  potentially  available  for  ter- 
restrial habitat  development  (Ocean  Data  Systems,  Inc.  1978).  These  are  an 
established  dredged  material  disposal  site  where  disposal  has  been  completed 
or  is  still  periodically  occurring  and  a  site  proposed  for  deposition  of 
dredged  material.  The  former  may  be  years  old  or  relatively  new,  vegetated  or 
unvegetated.  The  latter,  before  disposal,  may  be  terrestrial  or  even  an 
open-water  site  which  will  become  a  terrestrial  site  when  dredged  material  is 
deposited. 

Development  of  disposal  sites  will  depend  greatly  on  the  local  demand  for 
such  an  area.  Development  techniques  are  relatively  simple;  standard  agronomic 
and  wildlife  management  techniques  can  be  adapted  to  most  terrestrial  disposal 
areas.  The  initial  expense  is  relatively  small,  particularly  when  compared  to 
marsh  development.  However,  retention  of  a  particular  terrestrial  habitat  will 
often  require  a  long-term  management  commitment  with  small  annual  costs.  Ini- 
tial development  and  maintenance  activities  may  include  liming,  fertilization, 
seeding,  and  mowing. 

Smith  (1978)  identified  the  two  primary  disadvantages  of  terrestrial 
habitat  development  as  being  the  preclusion  of  future  disposal  and  possible 
necessity  of  continuing  management.  If  a  late  succession  stage  (e.g.,  forest) 
is  the  objective,  then  future  use  of  the  site  for  additional  disposal  would 
not  be  compatible.  However,  if  early  succession  stages  are  desired,  periodic 
disposal  would  keep  setting  succession  back  to  earlier  stages.  Management  may 
require  manpower  and  funds  that  are  not  readily  available.  Another  potential 
constraint  is  that  the  value  of  habitat  lost  may  exceed  the  value  of  the  habi- 
tat to  be  established.  Open-water  or  wetland  habitat  will  often  have  a  greater 
value  to  wildlife  than  terrestrial  habitat  that  could  be  developed  at  the 
site. 

A  potential  constraint  to  use  of  dredged  material  for  upland  habitat  de- 
velopment is  the  presence  of  contaminants  that  are  harmful  to  wildlife.  Con- 
tamination could  occur  from  effluent  runoff,  by  vertebrates  eating  plants  that 
have  taken  up  contaminants,  or  by  vertebrates  feeding  on  soil  invertebrates. 

The  greatest  potential  for  upland  contamination  is  situations  in  which, 
through  the  process  of  gradual  drainage  and  oxidation,  soils  become  acidic  and 
heavy  metals  become  mobile.  Under  acidic  conditions,  heavy-metal  runoff  and 
plant  uptake  are  more  likely  to  occur.  In  neutral  or  alkaline  conditions, 
lightly  to  moderately  contaminated  dredged  material  can  become  effectively 
immobilized.  For  a  thorough  discussion  of  the  contaminant  potential  of  a 
variety  of  contaminated  materials  see  Gambrell  et  al .  (1978). 

Hunt  et  al. (1978a)  outlined  in  a  step-by-step  process  the  necessary  engi- 
neering and  plant  propagation  procedures  for  site  selection  and  development. 
To  identify  objectives  one  must  consider:  the  most  appropriate  management 
system;  local  and  regional  needs  and  opportunities;  desired  species  needs; 
current  and  planned  use  of  the  site;  available  funding;  and  site-  or  project- 
specific  constraints.  Additional  considerations  include  relation  of  the  site 
to  other  habitats  with  which  it  may  interact  and  potential  sources  of  plant 
and  animal  colonizers. 
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Hunt  et  al.  (1978a)  discussed  three  methods  of  vegetation  establishment: 
(a)  allow  natural  plant  invasion  and  establishment,  (b)  plant  selected  spe- 
cies, and  (c)  combine  natural  establishment  and  planned  propagation. 

The  ability  of  propagules  to  reach  the  site  is  the  most  important  factor 
determining  the  potential  for  natural  colonization.  Sources,  distances,  and 
modes  of  transportation  are  important.  Physical  and  biological  factors  at  the 
site,  such  as  site  size,  soil  type,  and  moisture,  are  also  important  determi- 
nants of  establishment  success. 

Vegetation  can  usually  be  established  within  a  year  through  planting  and 
other  standard  agronomic  practices.  Advantages  and  disadvantages  of  natural 
establishment  and  planting  are  discussed  in  Hunt  et  al.  (1978a). 

Plant  species  are  selected  by  first  looking  at  vegetational  needs  of  the 
target  species.  Candidate  species  can  then  be  evaluated  in  light  of  adaptabi- 
lity to  climate  and  substrate,  growth  requirements,  availability,  ease  of 
propagation,  management  requirements,  and  costs  (Hunt  et  al.  1978a).  Summariz- 
ed data  is  available  on  plants  known  to  grow  on  dredged  material  sites  (Landin 
1978a,  Ocean  Data  Systems,  Inc.  1978).  Also  available  is  a  study  of  succes- 
sional  patterns  of  plants  and  animals  at  terrestrial  disposal  areas  (Coastal 
Zone  Resources  Corporation  1977). 

As  a  general  rule,  native  plant  species  should  be  used  for  habitat  devel- 
opment (Ocean  Data  Systems,  Inc.  1978)  because:  (a)  the  wildlife  of  the  area 
normally  depends  on  these  plants  and  (b)  the  plants  are  adapted  to  the  climate 
and  to  the  physical  and  chemical  properties  of  the  local  sediments.  An  excep- 
tion to  (b)  is  domesticated  species  of  plants  that  are  of  greater  value  to 
feeding  waterfowl  (Crawford  and  Edwards  1978,  Hunt  et  al.  1978b). 

There  are  a  number  of  engineering  considerations  that  effect  the  ecology 
of  a  site  and  its  value  to  wildlife.  The  size,  configuration,  elevation,  and 
topography  all  affect  wildlife  use  and  suitability  (Hunt  et  al.  1978a).  Like- 
wise, the  presence  or  abundance  and  patterns  of  vegetation  affect  wildlife, 
e.g., greater  vegetative  diversity  generally  leads  to  greater  animal  diversity. 

Long-term  site  maintenance  and  management  could  range  from  simple  moni- 
toring of  the  presence  of  vegetation  and  wildlife  use  to  intensive  management 
of  the  site.  Management  activities  can  consist  of  the  repair  or  removal  of 
dikes  or  protective  structures,  erosion  control,  or  vegetation  management. 
Vegetation  management  may  consist  of  fertilization,  liming,  cultivation,  mow- 
ing, burning,  pruning,  and  herbicide  application  (Hunt  et  al.  1978a). 

Island  development.  Islands  developed  from  dredged  material  have  often 
been  valuable  to  colonial  nesting  waterbirds,  e.g.,  gulls,  terns,  skimmers, 
herons,  egrets,  ibises,  cormorants,  pelicans,  and  spoonbills  (Figure  5).  Some 
of  these  bird  species  are  threatened  or  endangered.  However,  the  establishment 
of  islands  has  often  eliminated  valuable  fishery  habitat.  The  trade  off  of 
habitats  must  be  clearly  recognized.  Additional  impacts  may  include  changes 
in  circulation  patterns,  wind  fetch,  and  tidal  prism. 

There  has  been  little  planning  for  bird  use  of  man-made  islands.  How- 
ever, a  recent  nationwide  examination  of  bird  use  of  dredged  material  islands 
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Figure  5.  Dredged  material  islands  are  intensely  utilized  by  colonial  nesting  sea  birds  such  as  this 
mixed  colony  of  Sandwich  and  Royal  terns.  Photo  courtesy  of  Waterways  Experiment 
Station. 
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conducted  by  the  DMRP  has  resulted  in  guidelines  for  the  development  and  man- 
agement of  avian  habitat  (Soots  and  Landin  1978).  Most  of  the  following 
discussion  is  taken  from  the  latter  report  and  the  reader  should  consult  it 
for  further  information,   A  bibliography  is  also  available  (Landin  197Sb). 

There  are  over  2,0C0  dredged  material  islands  throughout  the  United 
States  navigational  waterways.  An  estimated  2  million  colonial  nesting  birds, 
out  of  a  total  contiguous  United  States  population  of  5  million,  nest  on 
dredged  material  islands  (Soots  and  Landin  1978).  For  discussions  of  specific 
parts  of  the  country  see  Buckley  and  McCaffrey  (1978),  Chaney  et  al.  (1978), 
Lewis  and  Lewis  (1978),  Parnell  et  al.  (1978),  Peters  et  al.  (1978),  Scharf 
(1978),  Schreiber  and  Schreiber  (1978),  and  Thompson  and  Landin  (1978). 

Man-made  islands  vary  in  their  value  to  colonial  nesting  birds  from  crit- 
ical, e.g.,  in  North  Carolina,  to  relatively  unimportant,  e.g.,  along  the 
upper  Mississippi  River  (Soots  and  Landin  1978).  Because  of  widespread  de- 
struction or  premption  of  natural  habitat  along  the  Atlantic  and  Gulf  coasts, 
dredged  material  islands  are  used  more  extensively  than  natural  sites.  Among 
the  species  using  them,  these  islands  are  most  important  to  gull-billed 
(Geolqchelidon  nilotica),  common  (Sterna  hirundo),  least  (S.  albifrons),  sand- 
wich  (Thalasseus  sandvicensis),  and  royal  terns  (T.  maximus). 

In  many  areas,  traditional  nesting  grounds  have  been  destroyed  by  man  or 
else  they  are  readily  accessible  to  ground  predators.  Dredged  material  islands 
offer  relatively  good  protection  from  ground  predators  and  disturbances  by 
man.  In  addition "to  use  as  nesting  sites,  dredged  material  islands  furnish 
areas  for  loafing,  feeding,  and  roosting.  Habitat  requirements  of  many  species 
of  colonial  nesting  waterbirds  are  quite  specific  and  certain  dredged  material 
islands  often  meet  the  requirements  of  a  particular  species.  For  example,  a 
newly  formed,  bare  ground,  dredged  material  island  was  used  by  terns  in  pre- 
ference to  barrier  islands  and  beaches  where  predators  and  human  dis^.urbances 
were  more  likely  to  occur  (Soots  and  Landin  1978). 

Factors  that  determine  nesting  waterbird  use  of  dredged  material  islands 
include:  (a)  the  extent  of  isolation  of  the  island  from  ground  predators  and 
human  disturbance;  (b)  the  habitat  diversity  found  on  the  island;  (c)  the  sta- 
bility of  the  potential  nesting  substrate;  (d)  behavioral  characteristics  of 
nesting  species  including  social  facilitation;  and  (e)  the  feeding  and  forag- 
ing habitats  of  the  nesting  species  (availability  of  nearby  feeding  areas). 

Soots  and  Landin  (1978)  found  little  difference  between  the  use  of  a 
dredged  material  island  and  a  natural  site.  The  critical  factor  is  the  avail- 
ability of  suitable  habitat.  The  habitat  may  take  years  to  develop  through 
natural  plant  succession  on  a  dredged  material  island  after  its  formation  or 
other  additional  deposition.  An  island  that  is  isolated  from  ground  predators 
will  probably  be  used  for  nesting  when  it  reaches  a  successional  stage  attrac- 
tive to  the  species.  Soots  and  Parnell  (1975)  also  showed  that  avifaunal 
succession  on  dredged  material  islands  in  North  Carolina  was  directly  related 
to  the  type  of  vegetation  found  on  the  islands. 

Soots  and  Landin  (1978)  noted  that  structure  and  density  of  vegetation 
determined  which  species  of  birds  would  use  an  island,  and  rates  and  patterns 
of  plant  succession  determined  how  long  an  island  would  be  of  use  to  certain 
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bird  species  before  becorring  available  to  others.  Bare  ground  nesters  only 
use  an  island  for  1  to  3  yr  before  growth  of  vegetation  causes  them  to  abandon 
the  site.  Ground  nesting  species  that  prefer  grass  and  herbaceous  cover  will 
use  islands  2  yr  of  age  or  older  depending  on  plant  colonization  and  succes- 
sion. Arboreal  nesting  species  generally  do  not  use  a  dredged  material  island 
until  shrubs  or  trees  develop.  Sometimes  succession  of  vegetation  is  arrested 
indefinitely  by  certain  edaphic  or  climatic  factors  and,  thus,  may  have  long- 
term  use  by  a  particular  species.  The  above  factors  should  be  considered  when 
contemplating  initial  island  construction  or  deposition  on  an  existing  island. 

Dredged  material  may  be  used  to  establish  new  islands  when  there  is  a 
shortage  of  nesting  habitat  or  to  modify  existing  islands.  Periodic  disposal 
can  be  used  to  set  vegetation  back  to  an  earlier  succession  stage  (to  benefit 
ground  nesters).  The  configuration,  size,  and  elevation  can  also  be  altered 
through  disposal.  Further  disposal  should  be  prevented  on  islands  where  arbo- 
real species  are  being  encouraged.  Soots  and  Landin  (1978)  encouraged  the 
management  of  existing  dredged  material  islands,  because  potential  adverse  en- 
vironmental impacts  of  disposing  on  an  existing  site  are  less  than  those  of 
developing  new  islands. 

Any  management  plan  should  include  interagency  cooperation  to  determine 
habitat  needs  of  the  area  (which  birds  do  we  want  to  encourage  or  discourage 
and  what  type  of  habitat  do  they  need?).  There  are  several  important  consider- 
ations for  new  island  development  (Soots  and  Landin  1978). 

(a)  Site  location  -  Isolation  from  man  and  predators  is  an  important 
consideration.  However,  with  protection,  colonial  waterbirds  can  live  in  har- 
mony with  man. 

(b)  Timing  of  development  -  Fall  or  winter  construction  will  permit  use 
of  the  island  for  nesting  the  following  nesting  season  by  bare-ground  nesters. 

(c)  Size  -  Two  to  20  ha  (5  to  50  acres)  are  suggested  as  a  suitable  size 
for  islands.   However,  least  terns  do  well  on  islands  smaller  than  2  ha. 

(d)  Substrate  -  R..-,.  i rements  may  vary  with  species.  Generally  coarser 
material  makes  better  nesting  substrate  than  fine  material.  A  mixture  contain- 
ing shell  is  good  for  bare  ground  nesters. 

(e)  Slope  -  Flat  to  gentle  slopes  are  preferred. 

(f)  Elevation  -  Should  be  sufficient  to  prevent  flooding,  but  high 
elevations  of  fine-grained  material  should  be  avoided  because  of  wind  and  ero- 
sion. 

(g)  Vegetation  -  Requirements  vary  with  species.  Plants  can  be  estab- 
lished artificially  or  the  developer  can  depend  on  natural  colonization.  Soots 
and  Landin  (1978)  provided  a  comprehensive  discussion  of  plant  propagation  and 
management.  For  additional  related  information  see  the  previous  section  about 
terrestrial  habitat  development. 

Wetland  development.  Techniques  of  brackish-water  marsh  development  uti- 
lizing dredged  material  are  fairly  well  developed  (Carbisch  1977).  Mangrove 
and  freshwater  swamps  and  freshwater  marshes  could  probably  be  developed  from 
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dredged  material  but  to  date  there  has  been  little  interest  in  developing 
them.  Wetlands  can  be  established  under  a  wide  range  of  conditions  and  often 
satisfy  technical,  economic,  and  social  constraints.  The  value  of  a  new  wet- 
land must  always  be  weighed  against  the  value  of  habitat  replaced.  Therefore, 
the  desirability  of  wetland  establishment  is  quite  site  specific  and  must  be 
evaluated  on  a  case  by  case  basis.  Some  coastal  areas  have  an  abundance  of 
marshes  whereas  other  areas,  e.g.,  southern  California,  have  few  marshes.  The 
creation  of  a  new  marsh  in  certain  areas  may  be  a  valuable  method  of  dredged 
material  disposal. 

According  to  Smith  (1578),  consideration  of  habitat  development  involves 
a  preliminary  assessment  of  potential  followed  by  a  detailed  evaluation  of 
feasiblity.  Factors  to  consider  include  characterization  of  the  dredged 
material,  site  selection,  engineering,  cost  of  alternatives,  sociopolitical 
implications,  and  environmental  impact. 

The  following  discussion  of  advantages  of  marsh  creation  are  adapted  from 
Smith  (1978)  but  also  includes  additional  comments  of  our  own  or  from  other 
references. 

(a)  Marsh  development  has  considerable  public  appeal  —  other  disposal 
options,  such  as  open  water  or  confined  disposal,  are  meeting  with  increased 
public  resistance  and  are  often  unacceptable; 

(b)  Desirable  biological  communities  can  be  created  --  early  indications 
are  that  artificially  created  marshes  function  similar  to,  and  are  as  produc- 
tive as,  naturally  created  marshes.  Fine-grained  dredged  material  is  very 
productive  because  of  its  relatively  high  organic  and  nutrient  content  (Barko 
et  al.  1977).  In  many  areas,  marshes  have  been  destroyed  by  man  and  artifi- 
cially created  marshes  can  be  used  to  replace  a  portion  of  those  lost  (Palermo 
and  Zeigler  1976). 

(c)  Marsh  creation  can  be  used  to  minimize  adverse  impacts  —  marshes 
and  other  habitat  lost  to  dredging  projects  can  often  be  replaced  with  artifi- 
cially created  marshes. 

(d)  Marsh  creation  is  frequently  a  low  cost  option  --  if  the  marsh  is 
created  in  a  shallow-water,  low-energy  area,  costs  will  be  only  slightly  above 
that  of  open-water  disposal.  Costs  could  be  considerably  less  than  those  asso- 
ciated with  confined  disposal. 

(e)  Marshes  can  also  be  created  by  reclaiming  or  developing  an  existing 
disposal  area  --  dredged  material  may  be  used  to  restore  a  miarsh  that  is  erod- 
ing (Environmental  Laboratory  1978). 

The  following  discussion  of  problems  of  marsh  creation  are  adapted  from 
Smith  (1978)  but  also  includes  cur  thoughts. 

(a)  Availability  of  appropriate  sites  is  limited  --  optimum  sites  are  in 
shallow  water,  have  low  energy,  and  are  located  near  the  dredging  site.  If 
long  distance  transport  or  protective  dikes  are  required,  costs  will  greatly 
increase. 
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(b)  Karsh  developtrent  v/ill  replace  other  habitats  --  habitat  of  value  to 
wildlife  will  be  replaced  with  a  different  habitat  also  of  value  to  wildlife. 
Reliable  techniques  for  corrparing  the  various  losses  and  gains  associated  with 
conversion  of  one  habitat  type  to  another  are  in  the  developr^ental  stage. 
Often,  it  is  difficult  for  local  authorities  to  reach  a  consensus  on  relative 
habitat  values. 

(c)  Release  of  contarpinants  fron  the  dredged  rraterial  to  the  biota  is  a 
concern  —  the  potential  that  plants  or  anin:als  rray  take  up  and  release  con- 
taninants  to  higher  trophic  levels  will  be  discussed  in  greater  detail  in  the 
section  about  contaminant  uptake. 

(d)  Subsequent  deposition  of  dredged  material  on  artificially  created 
marshes  is  limited  —  development  of  a  marsh  will  usually  preclude  the  subse- 
quent use  of  that  area  as  a  disposal  site.  Often,  State  and  Federal  regula- 
tions and  public  opinion  will  prevent  further  disposal  in  wetlands.  In  con- 
trast, many  open  water  and  confined  disposal  sites  can  be  reused.  Exceptions 
may  occur  in  areas  of  continued  erosion  or  where  the  initial  disposal  created 
a  low  marsh  and  subsequent  disposal  would  create  a  higher  marsh. 

A  marsh  can  be  developed  in  stages, thus  increasing  the  number  of  dredging 
cycles  it  can  accommodate.  By  diking  an  area  and  utilizing  cross  dikes,  one 
compartment  at  a  time  can  be  filled  over  a  period  of  years. 

Ecological  considerations:  In  considering  the  addition  of  a  marsh  to  a 
local  ecosystem,  planners  should  consider  the  impact  of  the  marsh  on  the  total 
ecosystem.  For  a  discussion  of  ecological  consequences  of  habitat  development, 
the  reader  is  referred  to  Lunz  et  al.  (1978). 

Site  selection:  Several  factors  should  be  considered  in  site  selection. 
The  value  of  the  aquatic  habitat  at  the  disposal  site  is  a  strong  considera- 
tion. Certainly,  one  should  avoid  seagrass  beds,  oyster  beds,  and  other  simi- 
lar habitats. 

Low  wave  energy  area"^  are  best  suited  for  marsh  development.  High  energy 
areas  may  require  expens,.^  protective  devices.  Vincent  (1£7£)  described  a 
poorly  chosen  site  located  in  a  high  energy  situation,  which  also  had  poor 
foundation  conditions  for  construction  of  a  protective  dike. 

The  distance  that  disposal  material  must  be  transported  is  of  great  im- 
portance in  site  selection.  In  general,  the  greater  the  distance  the  greater 
the  cost.  Equipment  availability  for  long  distance  transport  is  also  a  factor. 
For  a  thorough  discussion  of  criteria  for  site  selection  see  Environmental 
Laboratory  (r978)  and  Coastal  Zone  Resource  Corporation  (1976). 

Engineering  considerations:  Dredged  material  for  marsh  development  can 
either  be  confined  or  unconfined  depending  primarily  on  wave  energy  at  the 
site  and  the  grain  size  of  the  dredged  material.  The  higher  the  energy  and 
the  smaller  the  grain  size,  the  greater  the  need  for  protection.  Hydraulically 
placed  clays  and  silts  from  maintenance  dreding  operations  will  usually  re- 
quire containment,  regardless  of  wave  or  current  conditions.  Sand  can  tolerate 
up  to  moderate  wave  energies  without  confinement  (Smith  1978).  Clay  from  "new 
work"  dredging  often  will  not  require  containment  because  it  will  "ball"  and 
be  resistent  to  erosion  (conversation  with  R.  T.  Saucier,  December  1979,  WES, 
Vicksburg,  Mississippi.) 
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Determination  of  final  site  elevation  in  terms  of  tidal  range  is  critical 
and  should  be  based  on  precise  knowledge  of  elevational  requirements  of  the 
plant  communities.  Final  elevation  of  the  marsh  substrate  is  largely  influ- 
enced by  settlement  and  consolidation  of  sediments.  For  a  number  of  other 
engineering  and  practical  considerations  see  Coastal  Zone  Resources  Corpora- 
tion (1976)  and  Environmental  Laboratory  (1978), 

Plant  propagation:  Karsh  developers  may  choose  between  natural  invasion 
and  artificial  propagation  of  plants.  Natural  invasion  may  be  slow  if  there 
is  not  an  abundant  nearby  source  of  propagules.  Sprigging  increases  costs  but 
can  provide  a  quick  cover  and  more  rapid  stabilization.  Seeding  is  slower  and 
not  as  dependable  as  sprigging  but  is  less  costly.  In  an  area  like  much  of 
California  where  natural  colonization  is  \jery  slow,  sprigging  or  seeding  may 
be  preferred  over  natural  colonization.  Natural  invasion  occurs  much^'more 
rapidly  in  freshwater  situations  than  in  saltwater  systems.  An  artificial 
marsh  developed  in  the  James  River,  Virginia,  became  densely  vegetated  without 
artificial  propagation  within  months  following  construction  (Lunz  1977).  A 
detailed  discussion  of  plant  propagation  considerations  and  techniques  is  pro- 
vided in  Environmental  Laboratory  (1978).  Other  useful  information  can  be 
found  in  Woodhouse  et  al.  (1972),  Kadlec  and  Wentz  (1974),  Wentz  et  al.(1974), 
and  Garbisch  et  al.  (1975). 

Contaminant  uptake:  Heavy  metal  uptake  by  marsh  plants  and  animals  does 
occur.  Uptake  of  other  contaminants  has  only  rarely  been  reported  for  plants, 
but  has  often  been  reported  for  animals.  The  most  commonly  reported  heavy 
metal  uptake  and  biomagnification  involves  mercury.  Windom  et  al.(1976) 
studied  a  marsh  contaminated  with  mercury  and  found  uptake  in  the  primary 
consumers,  Littorina  irrorata  and  Uca  sp. ,  as  well  as  in  the  secondary  consum- 
ers --  birds  and  mammals.  Dunstan  and  Windom  (1975)  noted  the  tendency  of 
Spartina  alterniflora  to  take  up  and  concentrate  mercury.  Rhan  (1973)  noted 
that  S_^  alterniflora  took  up  mercury  from  sediments  and  released  it  to  the 
surrounding  water  through  plant  leaves. 

Trollope  and  Evans  (1976)  reported  concentrations  of  five  heavy  metals 
(copper,  iron,  lead,  nickel,  and  zinc)  in  freshwater  algae  and  Triniger  (1977) 
found  high  concentrations  of  cadmium  in  both  aquatic  plants  and  algae.  Banus 
et  al.  (1975)  reported  lead  was  taken  up  by  S.  alterniflora  in  concentrations 
that  ranged  from  5.4  to  23.2  mg/1 ,  Lee  et  al.~  (1976)  found  that  the  several 
marsh  plant  species,  in  which  uptake  was  studied,  concentrated  most  heavy  me- 
tals in  below-ground  portions.  Lunz  (1978)  studied  one  artificial  marsh  and 
two  natural  marshes  and  found  concentrations  of  several  hydrocarbons  and  heavy 
metals  in  the  soils.  However,  only  nickel  in  the  artifical  marsh  exhibited 
significant  uptake  into  tissues  of  marsh  plants.  Lee  et  al.  (1978)  found  that 
marsh  plants  growing  on  a  wide  range  of  dredged  material  disposal  sites  had 
heavy  metal  levels  similar  to  values  reported  for  natural  marshes.  Dunstan  and 
Windom  (1975)  found  lower  concentrations  of  heavy  metals  in  plants  growing  on 
dredged  material  sites  than  in  plants  in  natural  marshes.  They  also  found 
lower  concentrations  of  heavy  metals  (with  the  exception  of  mercury)  in  tis- 
sues of  S_^  alterniflora  than  in  the  sediments  supporting  the  plants'  growth. 
Boyce  (1976]  states  tFat  it  is  not  clear  whether  marsh  plants  vrHl  take  up 
significant  amounts  of  heavy  metals  from  contaminated  dredged  material  sub- 
strates, or  for  that  matter  what  constitutes  significant  uptake.  Apparently 
more  work  needs  to  be  done  to  define  the  amount  and  significance  of  heavy 
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metal  uptake  by  plants  and  animals  colonizing  dredged  material.  Emphasis 
should  probably  be  placed  on  the  "toxic  metals"  i.e.,  lead,  mercury,  cadmium, 
and  arsenic  which  are  not  needed  by  organisms,  even  in  small  amounts.  Plants 
and  animals  lack  homeostatic  defenses  against  these  metals.  See  Gambrell  et 
al.  (1978)  for  a  discussion  of  the  risks  associated  with  various  disposal 
methods  for  contaminated  dredged  material. 

Laboratory  and  field  tests  were  developed  by  the  DMRP  for  predicting  the 
potential  uptake  of  heavy  metals  and  other  contaminants  (Lee  et  al.  1978,  Wolf 
et  al.  1978).  The  laboratory  test  is  not  universally  effective  but  will  be 
useful  in  many  situations.  The  field  test  is  very  practical  and  inexpensive. 

Aquatic  development.  The  development  of  aquatic  habitat  utilizing  dredged 
material  offers  much  potential,  but  has  not  been  studied  and  developed  (Smith 
1978).  Possible  habitats  that  could  be  developed  include  tidal  flats,  seagrass 
beds,  oyster  beds,  clam  flats,  and  fish  spawning  areas.  Wilson  (1950)  noted 
that  disposal  of  dredged  material  into  shallow  water  could  develop  firm  bottom 
shoals  that  would  permit  setting  of  oysters  or  other  mollusks. 

An  example  of  a  valuable  aquatic  habitat  developed  inadvertently  is  the 
historic  Eatons  Neck  Disposal  Site  in  Long  Island  Sound.  Dredged  material  and 
building  rubble  are  furnishing  habitat  for  a  valuable  fishery  for  lobsters  and 
demersal  fish  (Valenti  and  Peters  1977). 

Many  potential  habitats  could  be  developed  by  raising  the  elevation  of 
the  bottom.  However,  sediment  type  is  vitally  important,  because  each  the 
shellfish  or  demersal  fish  species  requires  certain  characteristics  in  the 
substrate. 

Smith  (1978)  listed  the  following  advantages  to  aquatic  habitat  develop- 
ment: 

(a)  High  production  --  e.g.,  an  oyster  reef  constructed  to  a  depth  of  1 
m  (3  ft)  in  water  that  formerly  was  2  m  (6  ft)  deep  will  be  more  productive 
than  the  original  bottom. 

(b)  Potential  for  wide  application  --  many  potential  situations  can  be 
envisioned  in  which  aquatic  habitat  could  be  developed  to  replace  communities 
lost  to  dredging  activities.  Aquatic  habitat  can  also  be  developed  in  combina- 
tion with  marsh  habitat. 

(c)  Complements  other  habitats  --  a  variety  of  habitats  is  preferred  by 
most  ecologists,  i.e.,  open  water,  flats  reefs,  and  marshes. 

Lunz  et  al.  (1978)  discussed  a  number  of  uses  of  dredged  material  for 
aquatic  habitat  development.  These  uses  include  chancing  sediment  type  and 
covering  contaminated  bottom  sediments  with  a  cleaner  material. 

Smith  (1978)  stated  that  there  is  an  inadequate  understanding  of  tech- 
niques for  achieving  aquatic  habitat  development.  He  believes  this  can  be 
overcome  by  careful  site  by  site  evaluation  by  local  biologists  and  engineers. 

Another  major  problem  is  that  of  potential  harmful  effects  from  contami- 
nants.  Gambrell  et  al.  (1S78)  discussed  limitations  of  aquatic  disposal  of 
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dredged  material;  the  greatest  probability  for  release  of  contaminants  from  a 
disposal  area  will  occur  under  high  energy  conditions  (currents,  waves,  tides, 
and  storms). 
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PART  IV 

RIVERS 

Compared  to  coastal  dredging,  little  research  has  been  conducted  on  im- 
pacts of  river  dredging.  There  are  many  data  gaps  in  ecological  impacts  of 
river  dredging.  Most  research  was  conducted  in  the  upper  Mississippi  River 
and  may  only  be  partially  applicable  to  other  river  systems. 

ASSESSMENT  OF  IMPACTS  AT  THE  DREDGING  SITE 

Water  Column  Impacts 

Impacts  to  the  water  column  of  both  "new  work"  and  maintenance  dredging 
are  generally  slight.  Most  severe  dredging  impacts  are  to  the  river  bottom 
substrate.  Turbidity  from  both  "new  work"  and  maintenance  dredging  is  tem- 
porary and  is  usually  less  than  turbidity  associated  with  natural  flooding. 
Most  rivers  that  are  used  for  navigation  are  naturally  turbid  and  usually 
turbidity  from  dredcina  exeeds  background  levels  for  only  a  short  distance 
downstream.  Both  Claflin  (1973)  and  Held  (1978)  noted  that  runoff  from  the 
deposition  area  created  more  disturbance  than  was  created  by  the  cutter  head. 

Turbidity  impacts  Clearwater  streams,  particularly  those  used  by  sal- 
monids.  There  are  numerous  references  on  the  adverse  impacts  of  suspended 
particles  (Stern  and  Stickle  1978).  Impacts  include  interference  with  respira- 
tion, abrasion  to  the  gills,  pathological  changes  to  the  gill  structures, 
changes  in  blood  chemistry,  and  disruption  of  migration.  However,  there  is 
little  evidence  that  the  excavation  phase  of  dredging  operations  actually 
causes  any  of  the  problems  listed.  Fortunately,  navigational  dredging  is 
rarely  conducted  in  Clearwater  streams. 

A  minor  concern  is  the  entrainment  of  slow  moving  nekton.  Dutta  (1976) 
reported  entrainment  of  as  many  as  26,GCC  salmon  fry  per  day  by  a  hydraulic 
dredge.  It  should  be  noted  that  this  loss  occurred  when  up  to  20  million  or 
more  fry  per  day  v/ere  passing  through  the  area.  Conducting  dredging  operations 
at  slack  periods  of  fish  migration  can  minimize  losses  of  juveniles  and  dis- 
ruption of  adult  movement. 

Bottom  Impacts 

Routine  maintenance  dredging  causes  some  short-term  disruption  of  bottom 
faunas,  but  there  is  little  evidence  that  the  disruption  is  long-term.  How- 
ever, the  alteration  of  rivers  through  new  channel  construction  or  deepening 
projects  has  severe  direct  and  indirect  impacts  on  the  entire  river  and  flood- 
plain  ecosystem.  Short-term  impacts  include  direct  destruction  of  organisms 
such  as  mussels,  changes  in  bottom  substrate,  and  downstream  sedimentation. 

The  literature  indicates  that  dredging  removes  75-100%  of  the  benthic 
organisms  from  the  dredge  cut  (U.S.  Army  Corps  of  Engineers,  San  Francisco 
District  1975).  With  "new  work"  dredging,  the  replacement  fauna  may  take  2  yr 
or  more  to  recover  and  will  be  different  from  the  original.  The  transitional 
fauna  will  consist  of  an  abundance  of  opportunistic  species;  however,  species 
diversity  will  be  limited. 
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■Long-term  impacts  are  more  subtle  but  potentially  much  more  severe.  These 
include  changes  in  hydrology  and  stream  gradient  that  impact  the  river, 
swamps,  backwaters,  and  the  entire  floodplain  (Simons  et  al.  1975). 

The  literature  about  ecological  impacts  of  channelization  of  large 
streams  is  limited.  Numerous  references  to  channelization  of  smaller  streams 
for  flood  control  document  many  detrimental  impacts  to  fish  and  other  aquatic 
and  terrestrial  wildlife.  Generally,  channelization  eliminates  wetlands  and 
backv/aters,  destroys  fish  cover,  causes  the  water  temperature  to  rise,  in- 
creases sediment  load,  increases  turbidity,  and  makes  other  physical-chemical 
changes  to  the  stream  and  its  floodplain.  Darnell  et  al.  (1976)  provided  a 
thorough  discussion  of  channelization  impacts.  These  changes  are  gene-ally 
detrimental  to  game  and  forage  fish  and  wildlife  populations  but  increase 
rough  (nongame)  fish  populations.  In  the  absence  of  definitive  research  on 
the  impacts  of  channelization  on  larger  streams,  we  can  assume  that  similar 
adverse  impacts  will  occur.  New  channel  construction  may  also  be  expected  to 
result  in  accelerated  industrial  development  which  decreases  aquatic  habitat 
(U.S.  Army  Corps  of  Engineers,  Office  of  the  Chief  of  Engineers  1972). 

ASSESSMENT  OF  IMPACTS  OF  DISPOSAL  ALTERNATIVES 

Riparian  Disposal 

Dredged  material  is  often  hydraulically  placed  above  the  normal  water 
level  in  bottomland  forests,  old  fields,  or  other  floodplain  areas  near  the 
dredging  site.  Impacts  can  range  from  slight  to  severe,  depending  on  many  fac- 
tors. Trees  vary  in  their  resistance  to  siltation  (Teskey  and  Hinckley  1977). 
Depending  on  the  depth  of  fill  and  characteristics  of  the  fill  material,  the 
plant  community  may  be  slightly  to  drastically  affected.  Siltation  increases 
dieback  and  reduces  stem  height  and  diam.eter  growth.  Thick  deposits  of  dredged 
material  may  result  in  the  eventual  death  of  most  species  of  trees  (Larson 
1974).  Willows  (Salix  spp.)  are  well  adapted  to  survive  covering  by  sand.  They 
quickly  develop  adventitious  roots.  Cottonwood  (Populus  deltcides)  and  river 
birch  (Betula  nigra)  also  survive  fairly  well  (Larson  T^JTy.  Willow  and  Cot- 
tonwood are  early  colonizers  of  the  wetter  portions  of  the  new  fill  material. 
In  general,  the  new  con:  .ities  are  less  diverse,  less  productive,  and  less 
valuable  to  wildlife  than  the  original  community  (KcMahon  and  Eckblad  1975, 
Vanderford  1979).  The  soil  is  porous,  subject  to  large  fluctuations  in  temper- 
ature, and  nutrient  poor.  Colonization  by  plants  is  slow.  Ziegler  and  Sohmer 
(1977)  reported  that  early  colonizers  of  Mississippi  River  dredged  material 
islands  consisted  of  only  two  grasses,  a  sedge,  and  tumbleweed  (Amaranthus 
sp,).  Later  a  few  vines  and  shrubs  such  as  poison  ivy  (Rhus  sp.),  riverbank 
grape  (Vitia  riparia),  and  black  raspberry  (Rubus  occidental  is)  encroached 
from  the  fringes  of  surrounding  forests.  High  exposed  areas  in  Pool  9  of  the 
Mississippi  River  were  found  to  be  virtually  unvegetated  after  35  yr  (McMahon 
and  Eckblad  1975).  However,  along  the  shore  where  moisture  is  available,  dense 
stands  of  willows  occur  and  provide  shade  for  a  variety  of  smaller  plants 
(Larson  1974). 

In  most  river  floodplains,  the  long-term  succession  pattern  proceeds  from 
willow-cottonwood  to  mixed  hardwoods,  i.e.,  silver  maple  (Acer  saccharinum), 
pin  oak  (Quercus  palustris).  and  hickories  (Carya  spp.)  (Klein  et  al.  1975). 
Similar  succession  will  occur  on  dredged  material  deposits  unless  the  eleva- 
tion is  high,  in  which  instance  succession  will  be  retarded  due  to  xeric 
conditions. 
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In  the  Pacific  northwest,  the  pattern  of  succession  is  reported  to 
consist  first  of  grasses,  then  willows,  elderberry  (Sarrbucjus  sp.)»  and  black- 
berries (Rubus  sp.).  Later,  larger  trees  such  as  red  alder  (Alnus  rubra), 
green  ash  (Fraxinus  subinteoerrima),  and  hemlock  (Tsuga  sp.)  may  appear  (U.S. 
Army  Corps  of  Engineers,  Portland  District  1975). 

Brady  (1976)  concluded  that  it  was  better  to  dispose  of  dredged  material 
onto  early  successional  stages,  such  as  v/eedy  herbaceous  plants  or  willow-cot- 
tonwood  stands  rather  than  into  mature  forests  of  later  serai  stages.  The  for- 
mer will  revegetate  more  quickly. 

Stream  Margin  and  Wetland  Disposal 

Frequently,  dredged  material  is  placed  in  shallow  waters  or  wetlands 
where  it  forms  islands  or  extends  land  masses  (Figures  6  and  7)  or  it  may  be 
placed  on  existing  islands  or  land  masses  but  spills  over  into  the  backwaters. 
Productive  shallow  water  habitat  is  changed  to  sandy,  initially  barren  areas. 
The  dredged  material  also  may  block  running  sloughs  or  feeder  channels  that 
feed  fresh  water  through  backv/ater  areas,  or  the  outwash  may  fill  in  backwater 
sloughs  and  lakes.  In  either  instance,  the  productivity  and  useful  life  of 
backwaters  is  lessened  (U.S.  Army  Corps  of  Engineers,  St.  Paul  District  1974). 

The  findings  of  Colbert  et  al.  (1975),  Simons  et  al.  (1975),  and  Grunwald 
(1976)  indicate  that  on  the  Upper  Mississippi  River  the  long-term  impacts  of 
dredged  m.aterial  placement  are  often  not  immediately  recognizable  and  are  po- 
tentially more  severe  than  the  direct  short-term  impacts.  Dredged  material 
placed  along  the  shoreline  is  subject  to  erosion  and  reintroduction  to  the 
stream  course.  The  material  is  often  carried  into  side  channels  where,  when 
the  current  diminishes,  it  is  deposited,  blocking  water  flow  to  backwater 
areas  or  is  carried  into  backwaters  where  it  blankets  biologically  productive 
habitat.  Fremling  et  al.  (1979)  noted  several  instances  in  which  dredged 
material  that  had  been  transported  considerable  distances  from  the  original 
deposit  areas  had  blocked  side  channels  or  moved  into  backwaters.  Ragland 
(1974),  Schramm  and  Lewis  (1974),  and  Terpening  et  al.  (1975)  demonstrated  the 
high  value  of  backwaters  to  fish  and  wildlife. 

Strategically  placed  dredged  material  can  be  used  to  develop  favorable 
habitat  by  creating  lagoons  or  other  quiet-water  areas  behind  newly  created 
islands  (U.S.  Army  Corps  of  Engineers,  Portland  District  1975). 

Coastal  Zone  Resources  Corporation  (1977)  studied  a  historic  disposal 
area  along  the  Whiskey  Bay  Pilot  Channel,  an  artificial  channel  of  the  Atcha- 
falaya  River  in  southern  Louisiana.  Dredged  material  was  disposed  parallel  to 
the  channel  during  construction  in  1935  to  1936  and  again  in  1961  to  1962. 
The  disposal  area  was  originally  swamp  and  bottomland  forest  with  several 
small  streams.  Following  disposal,  the  elevation  increased  and  the  area  became 
nonwetland  habitat. 

An  analysis  of  vegetational  changes  at  the  site  and  in  other  disposal 
areas  in  the  Atchafalaya  Basin  indicated  the  following  possible  sere  on  dis- 
posal sites:  (a)  unvegetated  dredged  material;  (b)  ragweed  (and  other  forbs); 
(c)  willow-cottonwood  or  willow-sycamore-mixed  forest;  (d)  sycamore-mixed 
forest;  (e)  red  maple-sweetgum-sugarberry;  and  (f)  sweetgum-sugarberry-oak. 
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Figure  6.  Pipeline   dredge   discharging  along  the  edge  of  a  river.  Photo  courtesy  of  Williams 
McWilliams,  Inc. 
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Figure  7.  Dredged  material  discharged  from  a  pipeline  dredge.  Photo  courtesy  of  FWS,  Ecological 
Services,  Lafayette,  Louisiana. 
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Due  to  the  influences  of  the  two  disposal  periods  and  other  factors,  a 
mixture  of  successional  types  was  present  at  the  site.  Birds,  small  mammals, 
and  deer  were  abundant.  The  elevated  area  probably  helped  certain  species  of 
mammals,  such  as  rabbits,  survive  the  periodic  flooding  of  the  area. 

On  the  negative  side,  the  changed  elevation  and  vegetation  probably  ad- 
versely impacted  fish,  aquatic  mammals,  and  waterfowl (conclusions  are  partial- 
ly our  own  subjectively  derived  from  data  presented). 

Out-of-Channel  Disposal 

Dredged  material  from  channel  maintenance  operations  is  often  placed  in 
areas  adjacent  to  the  navigation  channel  in  medium  to  shallow  depths  within 
the  river.  Potential  adverse  impacts  include  turbidity,  sedimentation,  burial 
of  organisms,  changes  in  substrate  composition  and  bottom  topography,  blockage 
or  filling  of  side  channels,  and  releases  of  noxious  materials  and  nutrients. 

Turbidity  from  disposal  operations  temporarily  reduces  light  penetration 
(which  impacts  primary  productivity)  and  flocculates  plankton.  Generally, 
these  impacts  appear  to  cause  little  impact.  Increased  stream  turbidity  is 
usually  of  short  duration  and  confined  to  a  small  area  (Great  River  Environ- 
mental Action  Team  I,  Water  Quality  Work  Group  1978).  In  clearwater  streams, 
turbidity  may  act  as  a  barrier  to  migrating  salmon  (Darnell  et  al.  1976)  but 
dredging  can  be  timed  to  avoid  periods  of  migrations. 

Other  water  column  impacts  include  increased  biological  oxygen  demand  and 
release  of  noxious  materials,  such  as  sulfides,  methane,  ammonia,  and  heavy 
metals.  Impacts  should  be  minimal  unless  the  disposal  is  in  an  area  where  dil- 
ution is  poor.  For  reviews  of  turbidity  impacts  see  Darnell  et  al.  (1976)  and 
Stern  and  Stickle  (1978). 

Great  River  Environmental  Action  Team  I,  Water  Quality  Work  Group  (1978) 
conducted  a  water  quality  study  of  downstream  impacts  of  dredging  and  disposal 
at  Mississippi  River  mile  827, immediately  downstream  from  Minneapolis-St.Paul . 
They  found  that  physical  and  bacteriological  parameters  returned  to  background 
concentrations  within  1.3  km  (0.8  mi)  downstream  of  the  disposal  discharges. 
Chemical  parameters  returned  to  background  within  a  much  shorter  distance. 
Impacts  were  generally  localized  due  to  dilution  and  the  sorptive  capacity  of 
rapidly  settling  resuspended  particles. 

In  our  opinion,  sedimentation  is  a  much  more  serious  concern  than  turbid- 
ity, but  sedimentation  impacts  can  be  minimized  through  careful  disposal.  Sed- 
imentation dramatically  decreases  hatch^bility  and  survival  of  fish  eggs  and 
fry  (Hassler  1970);  organic  sediments  reduce  the  oyxgen  level  (Phelps  1944); 
the  abundance  and  diversity  of  benthic  organisms  are  reduced,  particularly 
mussels  (Ellis  1936);  and  aquatic  plants  are  adversely  impacted  (Langloise 
1941). 

Apparently,  severe  sedimentation  impacts  are  rare  from  the  disposal  of 
dredged  material  into  the  river  channel.  Dredged  rr.aterial  from  navigational 
projects  appears  to  pose  the  greatest  sedimentation  threat  when  it  is  placed 
in,  or  adjacent  to,  backwaters  (Great  River  Environmental  Action  Team  I  1979). 
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Due  to  the  dynamic  nature  of  rivers,  chances  in  bottotr  topography  are 
characteristic  and  frequent  (Sir^ons  et  al.  197^,  1975)  and  rriost  organisms 
quickly  adjust  to  perturbations  (Johnson  1P76).  However,  dredged  material, 
placed  in  certain  slackwater  areas,  such  as  near  or  on  wing  and  closing  dams, 
can  change  an  irregular  bottom  to  a  sandy,  smooth,  and  shallow  bottom.  The 
latter  habitat  is  less  productive  of  benthic  organisms  and  offers  much  poorer 
habitat  for  fish  than  a  deeper,  rouoher  bottom  (U.S.  Army  Corps  of  Engineers, 
St.  Paul  District  1974,  Grunwald  1976). 

Information  is  lacking  about  the  burial  of  organisms  by  river  dredging. 
Kussels  are  of  primary  concern  in  freshwater.  The  Corps  of  Engineers,  St.  Paul 
District  (1974)  reported  that  10  yr  may  be  required  for  recolonization  by 
mussels.  Rogers  (1976)  reported  a  low  survival  rate  of  clams  (Sphacrium  trans- 
versum  and  S_^  striatinum)  buried  with  sand.  Survival  was  somewhat  better  with 
the  addition  cf  silt  or  silt-sand  mixture.  Adult  clam  survival  was  inversely 
related  to  both  particle  size  and  depth  of  added  substrate.  Juvenile  clams 
had  higher  survival  rates  than  adults. 

Marking  and  Bills  (in  press)  studied  the  ability  of  three  mussels  -- 
pig-toe  (Fusconaia  flava),  fat  mucket  (Lampsilis  radiata  luteola),  and  pocket- 
book  (L_^  ventricosal  ~-  to  emerge  from  5  to  25  cm  (2~to  10  in)  coverage  of 
sand  and  silt.  The  mussels  emerged  within  a  few  hours  or  did  not  emerge  at 
all.  Those  that  did  not  emerge  eventually  died.  The  studies  showed  that  the 
type  of  soil  overlay  made  little  difference  in  the  emergence  of  fat  mucket  and 
pocketbook  mussels  but  did  affect  the  emergence  of  the  smaller  pig-toes.  The 
emergence  of  the  latter  two  species  was  prevented  by  18  cm  (7  in)  or  more  of 
sand  or  silt  but  only  10  cm  (4  in)  of  silt  was  sufficient  to  kill  the  pig-toe. 
The  authors  concluded  that  the  ability  of  mussels  to  emerge  from  soil  cover  is 
related  to  species  and  size.  Changes  in  substrate  composition  and  bottom  topo- 
graphy can  alter  the  benthic  fauna  and  affect  fish  use  and  concentrations. 

In  the  Columbia  River,  Washington  and  Oregon,  a  decline  in  fish  catch  and 
species  variety  was  noted  at  both  dredging  and  disposal  areas  40  days  after 
dredging.  However,  at  sites  that  were  only  slightly  disturbed  by  dredging, 
there  was  an  increase  in  catch  (U.S.  Army  Corps  of  Engineers,  Portland  Dis- 
trict 1975). 

Dispersion  and  release  of  noxious  material  is  a  concern  whenever  a  con- 
taminated channel  is  dredged,  but  little  is  known  of  the  actual  impacts.  The 
general  contaminant  level  is  probably  less  in  rivers  than  in  estuaries  where 
harbors  may  be  highly  polluted.  However,  because  the  buffering  capacity  of 
salts  is  less  in  fresh  water,  there  is  a  great  potential  in  rivers  for  detri- 
mental impacts  from  some  contaminants  such  as  heavy  metals. 

Dredged  material  from  rivers  may  contain  the  following  potential  contam- 
inants and  biostimulants:  hydrogen  sulfide,  methane,  organic  acids,  orthophos- 
phates,  nitroaen  in  several  forms  includinq  ammonia,  oils  and  greases,  pesti- 
cides, PCBs,  "and  heavy  metals.  High  levels  of  PCEs,  oils,  DDT,  and  dieldrin 
were  found  in  harbor  sediments  of  the  Mississippi  River  at  Mem-phis  (Fulk  et 
al.  1975).  Settling  tests  indicated  that  these  materials  became  suspended  in 
the  water  column  during  agitation  but  under  quiescent  conditions  concentra- 
tions returned  to  near  background  water  column  levels  within  14  hr.  Our 
conclusion  from  the  study,  wh'ich  also  included  other  freshwater  sites  is  that 
river  currents  will  carry  suspended  toxic  materials  for  some  distance  before 
they  settle  out  in  quiet  waters. 
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In  the  absence  of  specific  information  on  releases  and  impacts  of  con- 
taminated material  in  freshwater,  the  reader  is  referred  to  the  discussion  on 
contaminants  in  Part  III  -  aquatic  disposal  in  estuaries.  Remember,  however, 
the  influence  of  salinity.  Generally,  toxicity  increases  as  water  becomes 
softer.  Sodium,  potassium,  calcium,  and  magnesium  have  all  been  found  in  cer- 
tain instances  to  be  capable  of  antagonizing  the  ions  of  several  heavy  metals 
thereby  reducing  their  toxicity  (Tarzwell  1957).  For  additional  discussions 
(of  a  general  nature  and  not  specific  to  rivers)  see  the  section  on  "biocon- 
centration"  in  Morton  (1977).  The  reader  may  also  wish  to  consult  the  Appen- 
dix of  this  review. 

Thalweg  Disposal 

Environmentally  acceptable  disposal  areas  are  limited.  The  current  com- 
mon practice  of  shoreline  disposal  creates  many  environmental  problems  as 
discussed  in  previous  sections.  LaGasse  et  al .  (1976)  suggest  that  disposal 
in  the  thalweg  or  main  river  channel  may  be  an  environmentally  acceptable 
alternative.  Miller  (1973)  further  notes  that  the  thalweg  is  generally  rela- 
tively barren  of  invertebrates  and  the  U.S.  Army  Corps  of  Engineers,  Portland 
District  (1973)  notes  reduced  turbidity  and  suspended  sediment  problems  with 
thalweg  disposal.  However,  caution  is  urged  as  Hawkinson  and  Grunwald  (1979) 
have  shown  that  catfish  overwinter  in  deep  water  of  the  main  Mississippi  River 
channel.  Commercial  fishermen  have  also  reported  that  the  main  channel  is  a 
valuable  wintering  area  for  fish  (letter  of  17  January  1980  from  John  P. 
Wolfin,  U.S.  Fish  and  Wildlife  Service,  St.  Paul,  Minn.). 

Thalweg  disposal  consists  of  dredging  a  shoal  area  and  depositing  the 
material  in  the  adjacent  pool  downstream  or  scraping  a  shoal  (agitation  dredg- 
ing) and  letting  the  current  take  the  sediments  downstream  to  the  next  pool. 
LaGasse  et  al .  (1976)  indicates  this  technique  could  be  employed  at  certain 
sites  during  maintenance  dredging  and  might  have  wide  application  for  emer- 
gency dredging.  A  discussion  of  the  practicality  of  this  technique  from  the 
geomorphic  standpoint  is  beyond  the  scope  of  this  review.  For  detailed  dis- 
cussions the  reader  is  referred  to  LaGasse  (1975),  Simons  et  al .  (1975),  and 
LaGasse  et  al .  (1976). 

Habitat  Development 

Terrestrial  development.  Dredged  material  is  often  deposited  into  the 
river  margins  or  other  shallow  waters  so  that  the  disposal  area  becomes  ter- 
restrial. This  destroys  an  existing  habitat  and  the  newly  created  habitat  is 
often  of  marginal  value  to  wildlife  (McMahon  and  Eckblad  1975,  Vanderford 
1979).  However,  valuable  wildlife  habitat  can  be  developed  through  the  appli- 
cation of  well-established  agricultural  and  wildlife  management  techniques 
(Larson  1974,  River  Studies  Center  1975,  Smith  1978).  Terrestrial  habitat 
development  can  be  used  as  an  enhancement  or  mitigative  measure  at  new  or 
existing  disposal  sites.  Smith  (1978)  further  stated  that  regardless  of  the 
condition  or  location  of  a  disposal  area,  considerable  potential  exists  to 
convert  it  into  productive  habitat.  Small  sites  in  densely  populated  areas 
may  be  managed  for  small  animals  adapted  to  urban  life.  Larger  tracts  may  be 
managed  for  a  variety  of  wildlife  including  waterfowl,  game,  or  endangered 
species. 
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Terrestrial  habitat  development  may  include  such  low  cost  procedures  as 
liming,  fertilizing,  and  seeding.  It  is  generally  compatible  with  subsequent 
disposal  operations.  In  most  situations,  a  desirable  vegetative  cover  can  be 
produced  in  one  growing  season  (Smith  1978).  Terrestrial  habitat  development 
often  requires  continual  management.  Lack  of  public  ownership  of  the  disposal 
area  can  cause  management  problems. 

Smith  (1978)  provided  general  guidelines  for  terrestrial  habitat  develop- 
ment. Lunz  et  al.  (1978)  discussed  considerations  to  help  determine  the  need 
for  habitat  development  and  Hunt  et  al.  (1978)  provided  detailed  guidelines 
for  terrestrial  habitat  development.  Coastal  Zone  Resources  Corporation  (1977) 
also  provided  background  information. 

One  should  also  consider  possible  contaminant  uptake  or  runoff  into  near- 
by streams.  The  conditions  for  availability  of  heavy  metals  are  maximized 
under  the  acid  oxidizing  conditions  that  are  often  present  when  formerly  an- 
oxic sediments  are  placed  on  dry  land  (Gambrell  et  al.  1977,  Gambrell  et  al. 
1978).  Certain  beneficial  uses  of  dredged  material,  such  as  strip  mine  recla- 
mation, filling  barrow  pits  and  quarries,  and  agricultural  land  enhancement 
(Spaine  et  al.  1978),  will  impact  existing  habitats  and  produce  new  habitats. 
In  most  circumstances,  these  types  of  projects  will  improve  or  have  no  effect 
on  fish  and  wildlife  habitats. 

Island  development.  Reclamation  of  sandy  dredged  material  islands  and 
land  extensions  has  been  studied  in  the  upper  ^^ississippi  River.  The  River 
Studies  Center  (1975)  of  the  University  of  Wisconsin  at  La  Crosse  states  that 
the  establishment  of  vegetation  on  barren  disposal  areas  is  feasible  but  may 
be  expensive.  The  most  promising  plant  tested  was  the  American  beachgrass 
(Ammophilia  brevigulata)  which  can  be  easily  established  by  planting  clones  or 
plugs.  Also  recommended  at  lower  elevations  was  the  planting  of  willow  cut- 
tings to  establish  windbreaks  parallel  to  the  shorelines.  Ziegler  and  Sohmer 
(1977)  listed  several  species  that  have  naturally  colonized  disposal  sites  in 
Pool  8  and  some  of  these  species  may  have  a  potential  for  artificial  estab- 
lishment. Larson  (1974)  recommended  five  measures  which  make  dredged  disposal 
piles  more  productive:  (a)  planting,  (b)  fertilizing,  (c)  mulching,  (d)  cap- 
ping with  mud  (fine-grained  dredged  material),  and  (e)  v/atering.  The  methods 
were  only  effective  when  three, or  more  of  the  measures  were  used.  KcMahon  and 
Eckblad  (1975)  found  that  whey  placed  over  the  sand  caused  the  formation  of  a 
moisture  holding  crust  that  permitted  seed  germination  and  plant  establish- 
ment. 

Recent  DMRP  studies  (Soots  and  Landin  1978)  have  indicated  intensive  use 
of  dredged  material  islands  by  coastal  birds.  However,  a  survey  of  the  Upper 
Mississippi  River  (Thompson  and  Landin  1978)  indicated  no  dependence  on  dredg- 
ed material  islands  by  waterbirds.  It  was  noted,  though,  that  if  human  distur- 
bance was  limited,  and  bare  sand  nesting  areas  were  provided  (by  discouraging 
vegetation  establishment),  dredged  material  islands  could  be  used  by  least 
tern  (Sterna  albifrons).  Robinson  (1970)  noted  that  dredged  islands  could  be 
placed  in  the  lower  (wide)  end  of  navigational  pools  to  lessen  the  wind  fetch 
and  create  habitat  for  wildlife. 


A  by-product  of  the  dairy  industry. 
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Wetland  development.  To  date,  most  wetland  development  from  dredged  ma- 
terial has  consisted  of  salt  marsh  establishment.  However,  freshwater  wetland 
development  or  enhancement  offers  considerable  potential.  In  fact,  freshwater 
marsh  vegetation  will  quickly  establish  itself  under  favorable  conditions; 
whereas  salt  marsh  plants  often  have  to  be  seeded  or  sprigged.  In  a  greenhouse 
study,  Barko  et  al.  (1977)  obtained  good  growth  of  freshwater  marsh  plants  on 
fine-grained  material  and  considerably  slower  growth  on  sandy  material.  In  the 
James  River  (Virginia),  at  a  freshwater  tidal  location,  dense  freshwater  marsh 
vegetation  quickly  invaded  a  disposal  area  consisting  of  fine-grained  material 
retained  by  a  dike  of  sandy  material  (Lunz  1977). 

Some  general  considerations  for  freshwater  marsh  development  are:  (a) 
type  of  dredged  material  including  grain  size  and  contaminants  present;  (b) 
site  characteristics  including  elevation  and  hydrologic  regim.e;  (c)value  of 
the  habitat  to  be  replaced  or  altered  at  the  disposal  site;  (d)  energy  level 
at  the  disposal  site  --  can  the  site  be  protected?;  and  (e)  is  the  proposed 
site  within  dredged  material  transport  distance?.  Size,  shape,  and  orientation 
are  important  considerations  and  relate  to  the  in  situ  volume  and  location  of 
the  material  to  be  dredged. 

In  the  absence  of  specific  guidelines  for  freshwater  marsh  development, 
the  reader  is  referred  to  the  section  on  coastal  wetlands  habitat  development 
and  to  Lunz  et  al.  (1978),  Smith  (1978),  and  Environmental  Laboratory  (1978). 
For  a  discussion  on  potential  contaminant  uptake,  see  "contaminant  uptake"  in 
"wetland  development"  (Part  III),  remembering  possible  differences  in  uptake 
between  freshwater  and  saltwater  sites  due  to  physical-chemical  differences 
(Gambrell  et  al.  1977). 

Studies  of  uptake  of  the  contaminants  in  fresh  waters  are  generally  lack- 
ing. In  an  artificial  marsh  in  the  James  River,  Virginia,  nickel,  of  several 
available  metals,  and  chlorinated  hydrocarbons,  were  taken  up  by  marsh  plants 
(Lunz  1978). 

Fremling  et  al.  (1976)  and  Nielsen  et  al.  (1978)  noted  that  the  con- 
struction of  a  navigational  pool  at  Weaver  Bottoms,  Wisconsin,  in  the  Upper 
Mississippi  River  resulted  in  an  elevated  water  level.  The  water  overtopped 
the  natural  levees,  converting  natural  marsh  to  wind-swept  open  water.  They 
also  noted  possible  ways  dredged  material  could  be  used  to  aid  rehabilitation 
of  the  marsh.  Modifications  to  dredging  operations  could  increase  water 
clarity  and  decrease  wind  fetch  which  would  make  the  area  more  condusive  to 
aquatic  plant  growth.  The  Fish  and  Wildlife  Work  Group  of  GREAT  I  (Vanderford 
1979)  discussed  the  concept  of  rehabilitation  of  backwater  areas  of  the  Upper 
Mississippi  River. 

Aquatic  development.  At  this  time  aquatic  habitat  development  does  not 
appear  to  have  wide  application  in  riverine  systems.  However,  in  the  Upper 
Mississippi  River,  the  opening  or  closing  of  cuts  to  side  channels  and  back- 
waters to  direct  or  obstruct  water  flows  appears  to  offer  considerable  poten- 
tial (Fremling  et  al.  1979).  The  modifications  are  designed  to  permit  suffi- 
cient movement  of  freshwater  through  backwaters  to  prevent  stagnation  and  win- 
ter-kills, yet  prevent  the  movement  of  sediments  into  the  backwaters. 
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APPENDIX 

GREAT  LAKES^ 

ASSESSMENT  OF  IMPACTS  AT  THE  DREDGING  SITE 

Water  Column  Impacts 

Sly  (1977)  summarized  dredging  studies  on  the  Great  Lakes  (with  emphasis 
on  Canadian  waters)  in  which  significant  but  short-lived  increases  in  phospho- 
rous, other  nutrients,  and  metals  were  observed  at  dredged  material  removal 
sites. 

In  Cleveland  Harbor  (Lake  Erie)  only  short-term  adverse  effects  on  water 
quality  were  noted  (U.S.  Army  Corps  of  Engineers,  Buffalo  District  1969c). 
Dissolved  oxygen  levels  in  the  vicinity  of  hopper  dredging  were  lowered  as 
much  as  25%.  However,  in  the  Rouge  River  at  Detroit,  the  dredging  of  grossly 
polluted  sediments  resulted  in  significant  increases  in  the  immediate  area 
of  the  dredge  of  suspended  solids,  volatile  suspended  solids,  chemical  and 
biochemical  oxygen  demand,  total  phosphorous,  and  iron  (U.S.  Army  Corps  of 
Engineers  Buffalo  District  1969d).  Overflow  from  the  hopper  bins  caused  the 
most  severe  pollution.  In  a  test  by  the  Corps  of  Engineers  at  a  site  which 
contained  very  fine-grained  material  in  Saginaw  Bay  (Lake  Michigan),  it  was 
found  that  half  of  the  dredged  solids  washed  overboard  (International  Working 
Group  1975). 

Impacts  to  the  water  column  (International  Working  Group  1975)  are:  (a) 
creation  of  turbidity  and  reduction  of  light  penetration;  (b)  resuspension  of 
contaminated  materials  in  the  water  column;  (c)  dissolved  oxygen  depletion; 

(d)  release  of  nutrients  and  other  materials  entrapped  in  the  sediments;  and 

(e)  creation  of  floating  scum  and  debris. 

Chamberlain  (1976)  noted  that  dredging  for  dock  construction  at  Nanti- 
coke,  Ontario,  (Lake  Erie)  increased  turbidity  which  adversely  impacted  fishes 
and  probably  restricted  seasonal  navigation  patterns. 

Bottom  Impacts 

New  work  dredging  has  a  greater  potential  for  damage  to  the  benthos  than 
maintenance  dredging  (International  Working  Croup  1975).  The  change  in  sub- 
strate usually  permanently  alters  the  benthic  community.  Additionally,  pools 
of  stagnant  water  may  be  created  due  to  "trenching"  or  overdredging. 

A  follow-up  study  of  channel  modifications  of  interconnecting  waterways 
of  the  Great  Lakes  revealed  that  dredged  navigational  channels  v/ere  nearly 
devoid  of  benthic  invertebrates.   Prop  wash,  maintenance  dredging,  and  strong 

Due  to  a  lack  of  available  research  specific  to  the  Great  Lakes  and  an  incom- 
plete survey  of  reference  libraries,  information  contained  in  this  Appendix 
should  be  considered  as  incomplete  and  preliminary.  Parts  III  and  IV,  Coastal 
Waters  and  Rivers,  should  be  consulted  for  additional  information  that  may  be 
applicable  to  the  Great  Lakes. 
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currents  apparently  kept  the  inner  portions  of  the  channels  scoured  free  of 
invertebrates  (U.S.  Fish  and  Wildlife  Service  1?77). 

Maintenance  dredging  will  of  course  reipove  or  disrupt  benthic  organisms 
and  prevent  establishrrent  of  mature  communities  (U.S.  Army  Corps  of  Engineers, 
Buffalo  District  1976).  However,  removal  of  polluted  material  and  increased 
water  circulation  as  a  result  of  maintenance  dredging  can  sometimes  improve 
benthic  communities  (International  Working  Group  1975). 

ASSESSMENT  OF  IMPACTS  OF  DISPOSAL  ALTERNATIVES 

Terrestrial  Disposal 

Terrestrial  disposal  of  either  confined  or  unconfined  dredged  material 
must  be  accomplished  with  attention  to  the  relationships  between  sediment 
characteristics  and  subsequent  land  use  (International  Working  Group  1975). 
Sites  must  be  carefully  planned  to  control  drainage  and  seepage,  possible 
groundwater  contamination,  effluent  quality,  and  contaminant  transfer  to  the 
external  environment  by  wildlife  vectors.  Unconfined  disposal  of  grossly  pol- 
luted sediments  is  usually  not  considered  acceptable  (International  Working 
Group  1975). 

The  literature  concerning  diked  disposal  areas  in  the  Great  Lakes  indi- 
cates that  the  effluent  quality  varies  greatly  (Sly  1977).  The  Chicago  Dis- 
trict of  the  Corps  of  Engineers  has  stated  that  large  amounts  of  highly  pol- 
luted material  are  confined  in  disposal  areas  in  the  district  but  the  sites 
border  water  bodies  that  also  are  highly  polluted  (Harrison  and  Chisholm 
1974).  In  at  least  one  instance  in  Lake  Erie,  seepage  through  the  dike  did 
not  significantly  affect  water  quality  (U.S.  Army  Corps  of  Engineers,  Buffalo 
District  1969e). 

The  length  of  detention  time  determines,  to  a  great  extent,  the  quality 
of  the  effluent  from  diked  disposal  areas.  These  disposal  areas  have  often 
been  ineffective  in  preventino  the  entry  of  contaminants  into  adjacent  waters 
(U.S.  Army  Corps  of  Engine^-s,"  Buffalo  District  1969a,  1969b,  1976).  Engineer- 
ing Science,  Inc.  (1977)  , ^und  that  only  0.4  mg/1  of  oils  returned  over  the 
weir  to  the  Cuyahoga  River  at  Cleveland  from  material  that  was  grossly  contam- 
inated with  oil  and  greases  (allowable  discharge  level  was  10  mg/1).  This 
finding  substantiates  other  studies  which  indicate  that,  given  sufficient 
retention  time,  oils  and  greases  are  not  released  from  disposal  areas  in  sig- 
nificant quantities.  A  d'isposal  site  at  Grand  Haven,  Michigan,  had  a  short 
retention  time  (less  than  12  hr),  the  influent  contained  39.5  mg/1  of  oils  and 
creases  and  the  effluent  contained  11.5  mc/1,  indicating  inefficient  removal 
(Hoeppel  et  al.  1978,  Table  8). 

High  levels  of  PCEs  were  also  being  discharged,  after  a  short  detention 
timic,  from  the  Grand  Haven  site.  The  influent  contained  an  average  of  10.67 
mg/1  and  the  effluent  contained  2.55  mg/1.  Based  on  a  composite  of  evidence 
from  Grand  Haven  and  six  other  nationwide  land  disposal  sites,  RGBs  are  appar- 
ently associated  with  suspended  solids  and  are  efficiently  removed  from  the 
effluent  when  thorough  settling  occurs.  At  the  Grand  Haven  site  settling  was 
not  complete  and  PCE  removal,  therefore,  was  incomplete.  In  contrast,  some  of 
the  other  sites  had  good  solids  retention  and  consequently  \jery  efficient  RGB 
removal.   An  additional  study  in  Seattle  (Hoeppel  et  al.  1978)  showed  that 
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better  than  99.8%  of  PCBs  can  be  removed  after  only  a  short  retention  time  by 
the  use  of  flocculants. 

Other  potential  pollutants  that  were  not  efficiently  removed  at  the  Grand 
Haven  site  included  DDE  and  several  forms  of  nitrogen  and  phosphate.  Pollu- 
tants that  were  efficiently  removed  included  DDD,  DDT,  manganese,  zinc,  cad- 
mium, copper,  nickel,  lead,  chromium,  vanadium,  and  arsenic.  Mercury  was  not 
monitored.  Apparently,  DDE  is  associated  with  fine  clay  particles  while  DDD 
and  DDT  are  associated  with  larger  particles  and  thus  are  more  readily  removed 
by  settling  (Hoeppel  et  al .  1978).  Studies  in  Lake  Erie  and  Lake  St.  Clair 
have  shown  mercury  to  be  associated  with  fine  particles  (Mudrock  1979).  Plants 
in  Lake  St.  Clair  showed  limited  uptake  of  mercury.  Highest  concentrations 
were  found  in  the  roots. 

Evidence  from  Grand  Haven  and  other  sites  (Hoeppel  et  al .  1978)  indicates 
that  contaminants  in  freshwater  areas  behave  like  contaminants  in  saline  wa- 
ters. However,  settlement  may  be  quicker  in  salt  water  due  to  the  floccula- 
tion  inducement  by  the  salt;  also  the  buffering  capacity  of  salts  may  render 
certain  contaminants  less  potent. 

Island,  Fastland,  or  Beach  Disposal 

Dredged  material  in  the  Great  Lakes  is  often  used  to  create  islands  or 
fasti ands  that  become  a  part  of  the  land  mass,  and  for  beach  nourishment. 
General  principles  discussed  in  Part  III  -  Coastal  Waters  should  generally 
hold  true  for  the  Great  Lakes  and  the  reader  is  referred  to  that  section. 

Wetland  Disposal 

References  on  impacts  of  disposal  on  wetlands  in  the  Great  Lakes  were  not 
found.   It  is  assumed  that  wetland  disposal  is  rare  in  the  Great  Lakes  area. 

Nearshore  Disposal 

The  greatest  concern  with  disposal  of  dredged  material  in  the  Great  Lakes 
has  been  the  question  of  impact  of  aquatic  disposal.  Both  short-  and  long-term 
impacts  have  been  areas  of  concern. 

Sly  (1977)  noted  that  disposal  in  shallow  waters,  which  are  strongly 
influenced  by  winds  and  waves,  causes  more  resuspension  of  particles  than  dis- 
posal in  deep  water.  Resuspension  of  particles  will  often  lead  to  increased 
levels  of  nutrients  and  potential  contaminants  in  the  water  column.  Also,  the 
shallow  nearshore  zone  is  usually  more  productive  and  of  greater  importance 
for  spawning  and  nursery  purposes  than  the  deepwater  portions  of  the  Great 
Lakes. 

In  a  disposal  area  outside  the  breakwater  of  Cleveland  Harbor,  the  post- 
dump  bottom  sediments  of  the  disposal  area  were  characterized  by  increases  in 
the  same  chemical  constituents  that  were  found  in  the  harbor  (U.S.  Army  Corps 
of  Engineers,  Buffalo  District  1969c).  Background  levels  in  areas  surrounding 
the  disposal  area  were  also  relatively  high.  Disposal  areas  in  the  St.  Marys 
River  were  characterized  by  unstable  and  constantly  shifting  sediments.  Macro- 
invertebrate  numbers  were  greatly  depressed  (U.S.  Fish  and  Wildlife  Service 
1977). 
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Deepwater  Disposal 

Traditionally,  deepwater  disposal  of  dredged  rraterial  has  been  the  most 
frequent  disposal  method.  This  was  usually  economically  advantageous  over  con- 
fined or  unconfined  land  disposal  or  confined  shallow-water  disposal.  However, 
increasing  concern  about  impacts  to  the  water  column  and  bottom  sediments  from 
contaminants  has  resulted  in  prohibition  of  the  dumping  of  "polluted"  mate- 
rials into  open  waters.  The  definition  of  what  constitutes  polluted  materials 
is  difficult  and  controversial.  A  prime  problem  is  the  lack  of  information 
about  the  mere  presence  versus  the  actual  impact  of  contaminants  on  aquatic 
organisms. 

Several  Great  Lakes  studies  indicate  that  open-water  disposal  influences 
the  water  column  for  only  a  few  hours  because  of  rapid  particle  settling  and 
dilution  (Fulk  et  al.  1975,  Sly  1977,  Sweeney  1978a,  K'yeth  and  Sweeney  1978). 
With  the  exception  of  ammonia,  manganese,  and  zinc,  there  does  not  appear  to 
be  a  significant  release  of  contaminants  to  the  water  column  during  the  de- 
scent of  the  dredged  material  to  the  bottom.  Other  studies  have  indicated  that 
dredged  material  deposited  in  deepwater  may  continue  to  influence  overlying 
waters  for  as  long  as  5  yr,  apparently  through  resuspension  (Sweeney  et  al. 
1975,  Sly  1977). 

Overall,  Sly  (1977)  noted  that  although  dredging  and  ship  turbulence 
caused  local  turbidities  the  impacts  were  small  in  comparison  to  those  result- 
ing from  wind  and  wave  action.  Both  Langlois  (1941)  and  Chandler  and  Weeks 
(1945)  found  that  turbidity  in  Lake  Erie  rose  from  an  average  of  40  mg/1  to 
over  200  mg/1  following  disturbance  of  the  bottom  by  64  km/hr  winds. 

Field  studies  have  indicated  that  impacts  of  dredged  material  disposal  to 
phytoplankton  and  zooplankton  are  insignificant  (International  Working  Group 
1975,  Sly  1977).  However,  stimulation  of  algal  growth  has  been  demonstrated 
In  the  laboratory.  Large  releases  of  phosphorous  and  nitrogen  have  occurred, 
at  least  for  a  few  hours,  following  disposal  (International  Working  Group 
1975). 

Disposal  of  dredged  m^aterial  affects  the  distribution  of  fish.  Fish  may 
either  be  attracted  to  the  area  of  disposal  or  repelled  (International  Working 
Group  1975).  Sweeney  (1978b)  noted  a  2-  to  30-min  absence  of  fish  following 
disposal.  The  time  of  absence  varied  with  species.  Turbidity,  chemicals  of 
various  kinds,  chances  in  substrate,  and  changes  in  fish-food  orqanisms--al 1 
affected  by  disposal--influence  fish  distribution.  Sweeney  (1978b)  noted  100% 
mortality  of  fish  eggs  within  250  m  (270  yd)  of  a  disposal  site  at  Ashtabula 
in  Lake  Erie. 

Dredged  material  has  changed  the  composition  of  the  benthic  communities 
for  short  periods  but  long-term,  subtle  impacts  are  unknown.  Beneficial  im- 
pacts can  include  improvement  of  fishery  habitat,  e.g.,  disposal  mounds  may  be 
used  for  spawning  areas  and  polluted  bottom  sediments  may  be  covered  with 
cleaner  materials  (International  Working  Group  1975).  In  most  instances,  the 
dredged  sediments  will  not  be  of  a  suitable  grain  size  or  free  enough  of  con- 
taminants for  the  above  benefits.  Most  adverse  impacts  appear  to  be  due  to 
smothering  and  change  in  substrate.  The  extent  and  duration  of  impacts  depend- 
ed upon  species  composition,  quantity  and  type  of  materials  deposited,  and  the 
duration  of  disposal  activity  (International  Working  Group  1975).   Recovery 
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generally  required  a  few  months  but  was  much  longer  for  gastropods.  Sweeney 
(1978b)  noted  near  recovery  in  i  yr,  but  the  community  structure  was  altered. 
There  was  an  increase  in  oligochaete  abundance  along  with  decreases  in  many 
other  common  groups  (e.g.,  nematodes,  chironomids,  and  isopods).  Several  pol- 
lution tolerant  species  became  abundant  within  and  near  the  disposal  areas. 

The  ultimate  impect  of  contaminants  associated  with  dredged  material  dis- 
posed in  deepwater  ecosystems  is  still  unresolved.  Tainting  of  certain  ben- 
thic  organisms  by  oils,  greases,  and  phenols  is  known  to  occur  (Sly  1977). 
Disposal  of  dredged  material  in  the  deep  waters  of  the  Great  Lakes  does  not 
appear  to  influence  water  circulation  as  much  as  disposal  in  constricted  ma- 
rine estuaries.  Danek  et  al.  (1S77)  noted  buildups  of  deposited  material  in 
mounds  of  up  to  45  cm  (18  in)  high  but  a  severe  storm  later  eroded  much  of  the 
new  sediments. 

Habitat  Development 

Compared  to  marine  environments,  little  work  has  been  done  with  habitat 
development  in  the  Great  Lakes,  consequently  much  of  the  discussion  in  this 
section  is  untried  ideas  or  random  observations  rather  than  documented  stud- 
ies. 

Terrestrial  development.  The  reader  is  referred  to  Part  III  -  Coastal 
Waters. 

Island  development.  Colonial  nesting  sea  and  wading  birds  have  made  good 
use  of  dredged  material  islands  in  the  Great  Lakes  (Sharf  1978).  Natural  nest- 
ing sites  were  in  short  supply. 

Another  apparent  beneficial  use  for  dredged  material  islands  in  the  Great 
Lakes  is  for  protecting  nearby  shore  areas  from  wave  action.  Islands  will  pro- 
tect shallow-water  areas  and  allow  the  development  of  marshes  or  protected 
fish  spawning  and  nursery  areas  (personal  communication,  4  December  1975, 
Richard  Hoppe,  FWS,  Green  Bay,  Wisconsin). 

Wetland  development.  The  reader  is  referred  to  Parts  III  and  IV  -  Coastal 
Waters  and  Rivers  for  discussions  that  may  be  adapted  to  the  Great  Lakes. 

Aquatic  development.  Dredged  material  has  sometimes  provided  mounds  or 
irregular  substrates  around  which  fish  concentrate  and  are  utilized  for  spawn- 
ing in  the  Great  Lakes  (personal  communication,  1  December  1975,  Thomas  Yokum, 
FWS,  Ann  Arbor,  Michigan).  Large  portions  of  the  Great  Lakes  have  smooth 
unvarying  bottoms  with  fine  sediments.  These  areas  neither  attract  and  con- 
centrate fish,  nor  provide  spawning  areas.  The  construction  of  artificial 
spawning  reefs  for  species  such  as  lake  trout  and  walleye  appears  to  be  a  pos- 
sible use  of  dredged  material.  However,  since  most  dredged  sediments  are  fine 
grained,  topdressing  with  some  type  of  coarse  material  would  likely  be  neces- 
sary. Also,  the  toxicity  of  dredged  material  is  a  major  consideratlor.  Rela- 
tively clean  materials  would  have  to  be  used. 
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